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Proceedings of the Five Hundred and Second 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held in the Rooms of 
the Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday, February 1o, 


1910 — Dr. GISBERT Kapp, President, in the 
chair. 


'The minutes of the Ordinary General Meeting held on January 27, 
1910, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having been 
approved by the Council :— 
TRANSFERS. 
From the class of Associate Members to that of Members— - 


John H. Bowden. Robert Foster. 
Henry P. Clausen. | F. W. H. Wheadon. 


From the class of Associates to that of Members— 


Dudley Stuart, 
VoL. 45, } 
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From the class of Associates to that of Associate Members— 


Julian C. Bruce-Kingsmill, William Geo. Perry. 
Major R.A. (ret.). 


From the class of Students to that of Associate Members— 


Alan Bartram. Harold Mackay. 
Thomas O. H. Bates. Thomas Mason. 
Herbert F. H. Blease. Edward B. Percival. 
Arthur P. Boden. Edward A. Powell. 
Harold Creagh. William James Procter. 
Sydney H. Harris. - Joseph R. Robinson. 
Arthur L. Hawes. Leo Romero. 

Joseph Heynssens. Addison B. Smith. 
Harold C. Holroyd. Geo. К. Tweedy. 
Ralph P. Hulton. Egerton J. Ward. 
Gerald' Jacques. Bruce G. White. 
Robert Livingstone. Reginald C. C. Yates. 


| From the class of Students to that of Associates— 
Alfred P. Chalkley. | Louis F. К. Lewin. 


Messrs. B. B. Heaviside and Н. Brazil were appointed scrutineers of 
the ballot for the election of new members, and, at the end of the meet- 
ing, the following were declared to have been duly elected :— 


ELECTIONS. * 


As Member. 
Raymond S. Kelsch. 


As Associate Members. 


Percy Frederick Allan. Frank Hallows. 

James William Barber. Alexander Ireland Hodgson. 
Edward Albert Behrens. John Francis Luscombe. 
Cuthbert Wm. Bentley. William David McLaren. 
Alexander Charles Borthwick. David Macfarlane Macleod, 
George Frederick Boxall. Charles George M. New. 
Leonard Harvey Combe. Leonard W. Schuster, B.A. 
Hugh Denehy. Waring S. Sholl. 

Frederick William Foster. . John Walter Sims. 

Percy Sheldon Glover. Aage Sóren M. Sórensen, 


Percy Leonard Weston. 


As Associates. 


Thomas Thorne Baker. | Stanley Rudd, 
William Bedford Smith, 
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As Students. 


Major Frederick Allsop. 
Joseph Peter Annacker. 
George Hugh D. Ascoli. 
Wyndham Ewen Barker. 
Lionel Edward Barnard. 
Arthur Stephen M. Best. 
James M. Bloomfield. 
Cyril Percy Bowmaker. 
Ernest Alexander Boyd. 
Claude Clifford H. Brazier. 
Charles Arnold Brearley. 
Robert Bagot Breeze. 
Roland Hugh P. Broome. 
Charles Lester Bullock. 
Ernest William N. Burden. 
Harry Gustav Byng. 
Hubert Carey-Thomas. 
Leslie Walter Chambers. 
William James Chambers. 
Thomas Arthur Collett. 
Russell Ernest Connold. . 
Leslie William Cooper. 
Watson Edward Cornille. 
Philip Ray Coursey. 
Harold Henry Unite Cross. 
William Boston Cushion. 
David Batatha Da Cunha. 
Arthur Thomas P. Davies. 
George Faraday Davies. 
Mario de Angelis. 
Harlanyo G. de Coundouroff. 
Lancelot Brown Dent. 
Roderick World Dudley. 


Henry Montgomery Dunkerley. 


Robert Chapman Dunn. 
Charles Thomas Eaddy. 
Harry John Eley. 

John William Elliott. 
Edmund Lashley M. Emtage. 
Alfred William Epton. 
Robert Arthur Everitt. 
Alfred Mortland Faulkner. 
Hugh Herbert Foster. 
James A. Garbarino. 
Albert Hardy Gay. 

David Gill. 


Harold Green. 

Harry Greenwood. 

Guy Baldwin Hay. 

Percy Victor Henk. 

james Edward Hogarth. 
Gilbert Holdsworth. 

Charles Louis Huang. 
Reginald Northcott Tames. 
Vinayak Ganesh Kirloskar. 
Frederick Robert L'Estrange. 
William Henry Lovell. 
Roderic William Macklin. 
Matthew Marshall. 

John Bernard Miller. 
Theodore D. Morison. 
Dudley Eric Nicolle. 
Kendrick Northover. 
Eugene Orloff. 

John Davidson Peattie. 
Nelson Joseph Perryman. 
David Auslau James Petruse. 
Frederick Charles L. Racker. 
Stuart Milner Rawson. 
Stanley Whitlock Redclift. 
Alexander Riddle. 

Leslie Roberts. 

William Ewart Russell. 

John Allen Rutherford. 
Percy George Ryder. 
Christian Stephen Salvesen. 
Charles Wallace Saunders. 
Gilbert James Scott. 

Vasco Davidson G. Serodio. 
Sriram Venkatasubba Setti. 
Eric William Sleight. 
Bartholomew Snowball. 
Vivian Soper. 

William Gordon Spencer. 
Stanley Edward W. Taylor. 
John McLaren Thornton. 
Florentin Troutet. 

Charles Croswaithe Villa. 
John Guy Lawson Welch. 
Albert Willmore. 

Edward Hamilton E. Wood ward. 
Reginald Pardoe Yates. 


4 DONATIONS. [Feb. 10th, 


Donations to the Building Fund were announced as having been 
received since the last meeting from R. H. Burnham, R. A. Dawbarn, 
F. Gill, S. E. Glendenning, Colonel Н. S. Hassard, and А. von 
Siemens ; and to the Benevolent Fund from V. K. Cornish, B. Davies, 
H. C. Donovan, E. Fawssett, F. Gill, F. E. Gripper, H. G. Harris, 
C. C. Hawkins, К. Hedges, S. Insull, E. S. Jacob, Dr. G. Kapp, 
J. Р. Lawrence, A. E. Levin, W. M. Mordey, Hon. C. A. Parsons, 
A. H. Preece, W. Ll. Preece, T. Rich, R. Robertson, A. J. Stubbs, 
W. C. P. Tapper, F. J. Thompson, and A. P. Trotter, to whom the 
thanks of the meeting were duly accorded. 

The following paper, * Losses off Transmission Lines due to Brush 
Discharge with Special Reference to the Case of Direct Current," by 
E. A. Watson, M.Sc. (Eng), Student, was read and discussed (se 


page 5). Í 
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LOSSES OFF TRANSMISSION LINES DUE TO 
BRUSH DISCHARGE, WITH SPECIAL REFER- 
ENCE TO THE CASE OF DIRECT CURRENT. 


By E. A. WATSON, M.Sc. (Eng.), Student. 


‘(Paper received August 13, 1909, and read in London on February то, 1910.) 


SYNOPSIS. 
General Considerations. 
Previous Work on the Subject. 
Comparison of Results of Previous Experimenters. 
Mechanism of the Loss. 
Experiments conducted by the Author on Losses off Wires under Direct- 
current Pressures. 
Consideration of Results of Experiments. 
Conclusions arrived at. 


Leaving aside economical considerations, there are three factors 
which may be said to limit the voltage which can be employed ona 
transmission line. These are— 


1. The generating or transforming apparatus. 
2. The line insulators. 
3. Brush discharge off the line itself. 


Of these it may safely be said that the third is the only one which 
will ultimately need to be considered, and is, at the present time, of 
considerable importance. The limits imposed by (1) and (2) are 
chiefly a matter of design, requiring, of course, а large amount of 
experience, but none the less capable of considerable expansion above 
the values at present customary. 

The use of oil insulation for transformers and switches, the in- 
troduction of “ condenser-type” terminals for bringing out leads from 
apparatus, and the new and rapidly growing use of “ suspension-type " 
insulators for the overhead line, seem to indicate that on neither of 
these scores is it possible to say that any definite voltage has been 
reached beyond which it is impossible to go. 

With the third factor, however, it seems to be otherwise, and since 
it is beyond our power to increase the insulating power of air, unless 
there takes place a considerable change in the present practice of line 
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construction, there will always be some voltage limit which it is not 
possible to exceed. It is proposed to consider this question in detail. 


GENERAL REMARKS ON THE SUBJECT. 


'The question as to whether a discharge will take place off a wire or 
not seems to depend upon the value of the clectric stress in the imme- 
diate neighbourhood of the wire. If this stress should exceed the 
electric strength of the air in which the wire is immersed a discharge 
will occur. If the wire is sufficiently close to the other boundary of 
the field of force which produces the stress the discharge will be 
actually disruptive, such as is given by a spark or arc ; in the case of a 
transmission wire, however, this is not the case, and the discharge 
takes the form of a luminous envelope surrounding the wire, and is 
generally known as the corona. It produces a slight noise, and 
although only faintly luminous to the eye, gives off a powerfully actinic 
light, and can be readily photographed. 

In the following formulae let— 


К represent the electric stress in kilovolts per centimetre. 

a represent the radius of the wires in centimetres. 

d represent the distance apart of the centres of the wires in 
centimetres. 

h represent the height of the wires above the earth. 


Then for two parallel wires indefinitely far from the earth we 
have— 


Maximum value of R al surface of wire— 


V 


{q‏ ك 
a log. =‏ 2 


(1 + 4) very nearly, 
where V is the voltage between the wires. 
For one wire and earth we have— 
V a \? es 
Iu c MET ( +34) very nearly, 
a log, 7 


where V is the potential of the wire above earth. 
For two wires not indefinitely far from the earth we have— 


V 


Rigs = (1 + 2) very nearly, 


2alog,2 í— —— 
а + (Sy 
+ 

2h 


where + М апа — E are the wire potentials relatively to the earth. 
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For a 3-phase line arranged in the customary manner at the three 
corners of an equilateral triangle we have— 


ip aye t erm 


where V is the star voltage of the system. 
These formulz, it should be noted, are only strictly applicable when 

a is small compared to d—i.e., as in the case of an ordinary transmission 

line. For any such case the error involved is less than 1 per cent, so 

that it is hardly necessary to consider the exact forms which they 

should take. These will be found in various papers by Dr. Russell.* 
For a wire in a concentric cylinder we have exactly— 


where V is the potential difference between wire and cylinder, and b 
the radius of the cylinder. 

As soon as the corona forms it is a well-established fact that 
a large loss of energy will occur. It is therefore of importance to 
determine the value of the electric stress at which a corona will 
form aud the effect of various conditions upon the value of this 
stress. 


PREVIOUS WORK UPON THE SUBJECT OF THE CORONA. 


Most of the work so far accomplished has been done in the United 
States, where the long distances and high voltages prevalent have 
emphasized the need for accurate knowledge of the subject. Some 
of the carliest tests were those made at Pittsburg by Mr. C. F. Scott, 
and at Telluride by Messrs. Scott and Mershon, the Telluride ones 
being carried out on an actual line in Colorado at a very considerable 
altitude. 

Professor Ryan, of Cornell (now of Stanford) University, then took 
the matter up; he analysed the results obtained by Messrs. . Scott 
and Mershori, and also carried out various experiments to find the 
influence of pressure and temperature and also of the presence of 
water vapour upon the point of formation. | 

Experiments have also been carried out by Professor H. B. Smith, 
at Worcester (Mass.), and by Signor Jona in Italy. The most récent 
tests, however, are those made by Mr. R. D. Mershon, on a high- 
tension line, r,ooo ft. long, at Niagara Falls, experiments being con- 
ducted on a large number of sizes of conductor, both plain and stranded 
under different conditions. All these tests were made with alternating 
currents, and while agreeing in some respects yet have many points 
of divergence. 


E “Proceedings of the Physical Society, vol. XX., p. 73, and in his book on “ Alternating 
Currents." 
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The method of test and means of observation employed differed 
considerably, and it is possible that this may have some bearing on the 
discrepancies between the various observers. Thus the critical point in 
the Telluride measurements was obtained by taking readings of loss 
both on the actual line and on a so-called dummy line having the same 
number of insulators as the experimental one without the wire in 
between (that is, they were placed in a group close together). Subtract- 
ing the loss on the dummy line from that on the experimental one 
a curve of loss was obtained from which the critical point was 
deduced. 

In Professor Ryan's tests, on the other hand, use was made of 


: | 
о Ryan tests. 


- | | | 
A {Telluride measurements. | 
| | 
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Fic. 1.— Comparison of different Experimental Results. 


the visibility. of the corona in order to determine the critical point. 
The wire was viewed in a dark room and the voltage at which the wire 
appeared luminous was noted. 

Mershon's later tests were made by supporting the wires from 
paraffined cords hung from insulators. The loss over these cords 
being negligible, the true atmospheric loss could be read immediately. 
Readings of power lost were made on the low-tension side of the 
transformer employed, a special arrangement being used to allow 
automatically for the iron losses. 

Some of the figures obtained by different experimenters are given 
in Fig. 1. Two things will be noticeable from them : first, that they 
roughly fall into two groups comprising on the one hand the Telluride 
tests and Ryan's experiments, and on the other, Mershon’s Niagara 
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results, which give values considerably lower than any of the others ; 
secondly, that none of the tests give a constant value for the electric 
strength (which theory would have us expect) but one which is 
greatest for the small wires and decreases rapidly at first as the wire 
size is increased, eventually tending, however, to a steady value for 
wires of то mm. diameter and over. 

The large discrepancy between Mershon's Niagara results and the 
others is probably due to several causes. These will be treated more 
fully later ; they may be put down as— 


I. Mershon's method of deducing the critical point (see Fig. 2) 
probably gives lower values than the method of producing 
the curve of loss back to the line of zero loss or observing 
the point at which luminosity commences. 


2 
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Fic. 2.—Showing Mershon’s Method of Deducing the Critical Point. 


2. Mershon’s tests were made under actual conditions in an 
atmosphere not specially pure or free from smoke and float- 
ing particles, whereas Ryan’s tests were made under artificial 
laboratory conditions and the Telluride ones were taken 
at a great altitude in the mountains where the atmosphere 
was probably exceptionally clean and free from floating im- 
purities. It is known that the cleanness of the wire has 
a bearing upon the critical point, and it is probable that part 
of the explanation of the discrepancy should be sought here. 
For any line working under normal conditions in this 
country it would seem to be advisable not to allow the 
electric stress to exceed the values obtained from Mershon's 
experiments. If the other figures are to be used a factor of 
safety ought to be allowed. 
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MECHANISM OF THE Loss. 


The exact manner in which the loss occurs cannot be said to be 
clearly understood. Some writers appear to think that the loss is due to 
the ohmic resistance offered by the corona to the capacity current 
flowing to its outer boundary. When a wire is enveloped in a corona, 
there appear to be some grounds for the belief that its outside boundary 
acts as if it were the surface of the wire and forms the termination of 
the lines of force which permeate the surrounding medium, so that the 
charging current of the line would have to cross the corona and reach 
its outer surface. | 

This will involve the continuous existence of the corona even during 
the periods when the voltage of the line is of zero value, and as to this 
practically nothing is known ; it appears just possible, however, that the 
interval given between successive maxima of the voltage wave is not 
sufficient for the disrupted air to heal itself again. 

The estimation of the loss will involve a knowledge of the size of 
the corona. It is stated by Jona that if a luminous wire be viewed in a 
dark room the diameter of the corona visible is the same as that of the 
wire for which the voltage applied would just not suffice to produce 
loss. Thus, if a small wire were surrounded by a corona 1o mm. 
diameter, the voltage required would be the same as the critical voltage 
for a wire то mm. diameter. | 

On this assumption it is easy to predict the diameter of the corona 
which will be produced by any given impressed voltage. 

It is, however, rather doubtful whether the preceding is strictly 
accurate. It should be so were the electric strength of air a constant, 
but there seems every reason to believe that this is not so, but that it is 
much greater near the surfaces of conductors than it is in bulk, This 
being so, the corona diameter will, in general, be greater than the 
diameter of the corresponding wire for which the voltage considered 
is the critical one. 

If a curve connecting electric strength of air with distance from the 
surface of the metal be available, and it may be obtained in a manner 
shown later in the paper, a closer approximation may be made by 
plotting the value of the electric stress against the distance measured 
from surface of conductor. "This will give a curve cutting the curve of 
electric strength of the air at a point which determines the corona 
diameter. 

Before breakdown the stress at a point at a distance r from the 
centre of one of a pair of wires of radius a at a distance d apart and 
indefinitely far from the earth will be given by— 


Rz У E БЕШЕ S very nearl 
eu бе е) мыш 
2 log ^ r—-—; 


After breakdown, however, this no longer holds, and we have three 
alternatives to consider :— 
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I. The wire potential is conveyed to the outer boundary of the 


corona without any appreciable voltage-drop when the stress 
will be— | 


V КЕ 
к= ael 
2r log, 


2. The potential at the corona boundary is less than that of the 
wire by some quantity equivalent to a resistance drop and 
possibly of the value of, but certainly not greater than— 


Mean electric strength x thickness of corona. 


Then we have— 


OV — Rox (7 — a) 7\2 
ies d (+7) i 
2rlog > 


3. Something intermediate between 1 and 2. 


Having found the corona diameter, there yet remains to be found 
what the loss in it is. 

Obviously if assumption No. 1 held, the loss would be zero, as the 
charging current would meet with no resistance. 

Also if (2) held, there would be no loss, as all the charge could be 
carried by the wire and outside surface of the corona acting as the two 
coatings of a condenser. 


The loss will be a maximum when a condition half-way between (1) 


апа (2) obtains and the loss will then be equal to —— times the charging 


У 2 

current of the corona multiplied by the voltage drops across it. (The 
current flowing conductively through the corona is out of phase with 
that crossing it by its condenser action.) To check this an example 
may be taken from Mershon's paper. A pair of wires 2:60 mm. 
diameter at 140 cm.-centres, had a voltage of 962 maximum kilovolts 
impressed upon them. The loss was 1,500 watts per kilometre at 
73 cycles per second. If this is worked out it is found that the corona 
thickness 15 o°8 mm. and its diameter therefore = 4'2 mm., the loss 
per kilometre of line (2 wires) coming out to 0°364 k.w. 

This is the maximum possible on the assumption made, but it is 
seen to be less than one quarter of that actually occurring. 

It has been derived on the assumption that the corona exists 
continuously. Let us now suppose it to be reformed at each alternation 
of the voltage wave. As the voltage rises, there comes a point where 
the layers of air next the conductor are stressed beyond their electric 
strength and break down. As the voltage rises still more, further layers 
are disrupted and a corona is formed whose size depends upon the 
value which the maximum point of the wave attains. 
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Each elemental shell of air just before breakdown has a certain 
amount of energy stored up in it which on disruption is converted into 
heat, thus giving rise to the loss which occurs. 

The energy stored in unit volume of air under electric stress 
R is— | 


Tis ergs when R is in electrostatic units. 


(1 Electrostatic unit = 300 volts/cm.) 


The energy stored in an elemental tube of the corona will be— 


R? do xomrór ergs per cm. length of wire. 
243 
ac раи 
4 
.oirrR 


rêr, where R is in k.v./cm. 


The total power lost in the formation of the corona reduces to— 


ay 
0*0556 CU IE rêr. watts per kilometre. 
ао 
where a, is the radius of the wire and а, that of the corona. 

Applying this to the case just considered and integrating the 
expression graphically by means of a curve connecting R and the 
distance from the surface of the wire, we obtain a loss of 254 watts 
per kilometre of double line. | 

This also is very much less than that actually observed, and we 
are forced to conclude that there must be some other source of loss in 
addition to the foregoing. 

This conclusion is strengthened if we consider the case of a direct- 
current line. Both of the arguments so far employed, if extended 
to cover the direct-current case, would imply that the loss under steady 
pressure should be zero no matter what the voltage of the line is. This 
is, of course, directly contrary to all experience, as it is well known that 
visible brush discharge will occur from direct-current apparatus if the 
voltage is too high. "The question that arises is, How are these losses 
produced and to what are they due? 

It was at first thought that it would be possible to explain the direct- 
current loss on the basis of the mechanical forces exerted on the 
layers of disrupted air surrounding the wire, imagining the charge to Ье 
transferred from the wire itself to the layers of air. The so-called 
electrostatic pressure acting on this air due to the charges would then 
cause it to move outwards and away from the wire. Fresh air would 
come up and take its place to be broken down in turn, and so a 
constant loss of energy would occur equal to the volume of air passing 
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the wire multiplied by the energy stored in unit volume at breakdown. 
Support was lent to this theory by the fact that the brush discharge 
from a point is always accompanied by a noticeable wind, although 
it was not quite clear in the case of a wire how the fresh air was going 
to get in to take the place of that which had been driven away. 

The pressure (force per cm.) acting on the disrupted air will be 


2 


B ! ; 
те упеѕ/ст.°, where B is the electrostatic flux density at breakdown, 


i.e., the potential gradient ; assuming free access of air to take the place 
of that driven away we obtain— | ' 


(о — density of air, v — velocity of air), 


vB. 
Матр 


which works out at v = 7:84 В. 
Converting to k.v./cm. we obtain— 


т== 26°1 R cms./sec. 


Fora value of R= 40 k.v./cms. this gives a velocity of about 10 metres 
per second. 
Power lost per cm.? of surface— 


2 


a5 ergs. per second 
~ Sx 85. p Ё 


= I'I53 (y watts. 


Although this formula appears in certain cases to give results of the 
right order of magnitude, the assumptions on which it is founded 
are probably not correct, and the breakdown which actually takes 
place is not a uniform one of the whole body of air. 

Considerable light has been thrown on the subject by the work 
of Righi and other experimenters on the discharge from steadily 
electrified points. 

They have shown that when a point is electrified to such a potential 
as to cause a brush discharge to take place, a stream of gaseous ions is 
projected from it whose velocity may be readily measured, and is of 
the order of r5 cm. per second for a field of т volt per cm.—i.e., 
much greater than is given by the formula which has just been 
developed. It seems, therefore, that when a direct-current brush 
discharge occurs the charge is not carried by the whole of the air 
which is in contact with the charged body, but by certain agglomera- 
tions of molecules which are driven off at a speed about fifty times as 
great as that with which the air as a whole would move. These 
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charge carriers under certain circumstances drive the main body with 
them, forming the so-called electrical wind, but this wind is the effect 
rather than the cause of the loss of electricity from the conductor. 
It is believed also that in the case of an alternating-current corona most 
of the loss is due to this cause, and only a small amount to the energy 
stored in the broken-down air film or its resistance to the charging 
current flowing to its outer boundary. 

Experiments Carried Out.—The foregoing is intended to give a brief 
account of our present knowledge upon the subject. It is now pro- 
posed to give an account of some experiments made by the author 
upon the loss off wires under direct-current pressures and with different 
conditions, special attention being paid to the effect of variations of 
atmospheric pressure. 

These experiments were carried out at the Electrical Engineering 
Laboratories of the University of Liverpool during the months of May, 
June, and July, 1909. 

Although the question of losses off direct-current transmission 
lines is not of such immediate importance as the corresponding 
case for alternating currents, it is yet of considerable interest in 
view of the extensive adoption of high-tension dircct-current trans- 
mission in France and Switzerland and its advocacy for the proposed 
transmission from Victoria Falls to the Rand. 

Experiments were made upon— 


I. А wire in a concentric cylinder. 
2. Two wires stretched parallel out of doors. 


It was intended to use (1) as the principal source of information in 
the tests and employ (2) chiefly as a check upon the deductions made 
from (т), and also to determine what factor of safety ought to be 
allowed in an actual transmission line upon the figures obtained by the 
tests on the wire and cylinder. 

The use of a wire in a concentric cylinder was decided upon for 
the following reasons :— 


I. The distribution of flux is subject to easy mathematical 
calculation, and is uniform all round the wire. 

2. A lower voltage is required than is the case for two parallel 
wires (less than half, in fact). 

3. The conditions of pressure, temperature, and humidity can be 
varied at will. 


METHOD OF TEsT ON WIRE IN CYLINDER. 


The wire was mounted at the centre of a cylinder of galvanised 
iron 6 ft. long and 8 in. diameter. The ends were flanged and 
closed by cast-iron covers, and the pressure could be reduced to 
350 mm. of mercury by means of a small motor-driven pump, fitted 
with automatic control so as to keep the pressure in the cylinder con- 
stant at any required value. The degree of humidity could also be 
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varied by drawing in air either through drying agents such as calcium 
chloride or through masses of cotton waste well soaked in water. 

Ebonite terminals were arranged in the ends, that at one merely 
supporting the end of the wire, that at the other serving to bring it out 
and make connection with it. In order to guard against any leakage 
occurring in the latter terminal, the wire passing through was protected 
by a concentric metal tube at the same potential so connected that the 
current supplying it was not passed through the microammeter which 
measured the leakage off the wire. 

The general arrangement of the connections employed is shown in 
Fig. 3. 

Current was supplied by а special form of influence machine (Fig. 4) 
of large output driven by an electric motor, the machine being capable 
of working up to 70,000 volts. In order to have control over the output 
it was arranged to be separately excited from an ordinary two-plate 
Wimshurst machine. 

Across the terminals of the “exciter " was connected a compressed 
air-insulated voltmeter and a needle-point *spark-gap." The brush 
discharge from the points of the gap kept the excitation voltage down 
to any required figure, and by sliding the electrodes in or out any 
desired output could be obtained from the main machine. 

Across the terminals of the main generator was connected a con- 
denser which served to keep the terminal voltage steady, and in the 
leads between the machine and apparatus resistances and inductances 
were arranged as shown in the diagram, the object of which was to 
prevent the existence of any voltage oscillations on the apparatus itself. 

A 100,000-volt compressed-air voltmeter was connected across the 
apparatus, and a reflecting microammeter enclosed in a potential 
screen and mounted on a 75,000-volt insulator was placed in the lead 
to the wire under test, and as near to the end of the wire as possible. 
All connections were made of g-in. brass tubing in order to avoid brush 
discharges. 

In the tests on the parallel wires a similar arrangement was adopted, 
the leakage over the insulators being collected and measured, and 
another voltmeter was employed connected between one wire and 
earth in order to insure that the two wires were equally positively and 
negatively charged. 

In order to obtain higher pressures than could be given by the one 
machine a 4-plate 4-pole Wimshurst (giving the same current as an 
ordinary 8-plate machine) was arranged so that it could be put in series 
with the main generator. 

The wires employed in the tests were 12 metres long, and were 
stretched at a distance of 1 metre centre to centre. 


APPEARANCE OF DISCHARGE. 


As is to be expected there is considerable difference between 
the behaviour of the wire when positively and when negatively 
electrified. -When the wire was positive under certain conditions, if 
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viewed in a dark room, the space surrounding it for a distance of т 
or 2 cms. was full of fine branching bluish purple brushes darting 
about continually and never remaining stationary at one spot. 
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Fic. 3.—Diagram of Connections. 
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Generally, however, when the current density was sufficient there 
developed on the wire a thin bluish purple film which appeared 
uinformly to envelope it. A slight hissing noise accompanied the 
discharge. | 

When the wire was negative the film was absent, and its place was 


(offing 


FIG. 4. тъ nfluence Machine used in Tests. 
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Fic. 5.—Measuring Instruments used in Tests. 


Ес. 6.--Wire “ Dead.” 
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Showing Appearance of Wire when Surrounded by 
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taken by a sort of halo of fine reddish-coloured discharges 3 to 5 mm. 
long going out practically radially from the wire ; these discharges 
were very nearly stationary and much brighter than the corresponding 
positive ones, and were accompanied by a loud hissing noise which 
could be heard quite distinctly above the hum of the machinery in the 
room. 

The positive corona seemed very little affected whether the wire were 
dirty or clean, but the negative one was very sensitive to the state of 
the surface. With the wire negative any small particles of dirt seemed 
to cause the discharge to concentrate itself upon it, each particle of 
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Fic. 9.—Relation of Current lost to Electric Stress. 
Wire, 0°70 mm. diameter. 
The figures on the curves give the air pressure in millimetres of mercury. 


dirt giving rise to a tuft of bright reddish light about 5 mm. long, 
which gave a strong wind ; the discharge, moreover, was much less 
noisy, and if the wire were dirty enough very nearly silent. 

Figs. 6, 7, and 8 illustrate this effect. Fig. 6 shows the wire “dead” 
in order to compare its size with the coronas shown in Figs. 7 and 8, 
which are taken from the same point as Fig. 6. 

The bright spot seen in the middle of Fig. 8 is due to one of the 
tufts of light just mentioned. When the wire was quite clean both 
positive and negative corona required very nearly the same voltage to 
start them. If anything, the negative one required slightly the higher, 
but the difference was not more than 3 per cent. at the very outside. 

There was, however, a difference once the corona was started in 

VoL. 45. 2 


Kilovolts. 
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regard to the slope of the curve connecting voltage and current loss, 
the value of being greater when the wire was negative than 


when it was positive. This will be seen from Fig. 9, where the 
chain-dotted curve is for a positive corona, while the full.line 
one is for a negative. When, however, the wire was dirty, there 
was a great difference between the positive and negative con- 
ditions. With the wire positive the critical voltage was not much 
affected: by the presence of dirt, but when it was negative discharge 
occurred -at a much lower ‘voltage; moreover, there was a great 
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Fic. 10.—Comparison of Clean and Dirty Wires. 


difference in the shape of the curve connecting current loss and 


voltage. The loss, instead of beginning sharply at some definite 
voltage, commenced slowly, and the curve gradually turned round so 
as to approach that for à perfectly clean wire. This is shown in 
Fig. 10, which gives the curves obtained with a wire 1:85 mm. diameter 
both when clean and dirty. The similarity of the curve for the dirty 
wire to that of Mershon's Niagara tests shown in Fig. 2 will be 
apparent. 

Figs. 9 and 11-18 give some of the results obtained with wires of 
gradually increasing diameter from o'70 to 12776 mm. They also 
show the effect of variations in the atmospheric pressure upon the loss 
and critical point. | 
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Fic. 12.— Relation of Current lost to Electric Stress. 


Wire, 1°85 mm. diameter. 
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Two things will be noticed from a general inspection of these 
curves : Firstly, the increasing value of Е with the size of the wire ; 
and secondly, the decreasing value of the critical electric stress. 

The first of these is, of course, only natural owing to the increasing 
surface presented by the wire, but the second might, perhaps, hardly be 
expected. It does not, of course, mean that the actual voltage required 
to start a corona decreased as the wire diameter increased. That was 
not the case, but the value of the electric stress, as found from the 
expression on page 3, showed a steady downward tendency falling 
from 81'4 for the о'7о mm. wire to 4072 for the 9:53 mm. one. 
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FIG. 13.—Relation of Current lost to Electric Stress. 


Wire, 2°64 mm. diameter. 


It is stated by some authorities that the explanation of this apparent 
decrease of electric strength is to be found in the assumption of a 
constant potential drop occurring at the boundary of the wire, this 
being the same for all sizes, so that we may write— 


Gem 
= = constant = R, 
a log a 


where E is the constant voltage drop in question. This gives— 


V = Raa log : + E. 
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Fic. 14.—Relation of Current lost to Electric Stress. 


Wire, 41 mm. diameter, 
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Wire, 476 mm. diameter. 
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Fic. 16.—Relation of Current lost to Electric Stress. 


5 mm. diameter. 


. Wire, 673 
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FIG. 17. — Relation of Current lost to Electric Stress. 


Wire, 8:07 mm, diameter. 


Digitized by Google 


1910:] DUE TO BRUSH DISCHARGE. 28 


If this holds we should on plotting V against a log 2 obtain a 


straight line passing through the point 


a log & =o, V=E, 


and thus obtain the value of E and R,. 


If this be done for the points in question, the points obtained will 


be found to lie not on a straight line but upon a curve concave to the 


axis of a log z Moreover, if a straight line be drawn tangential to the 


curve for points between a log 2 = о'б and r:2 it will be found to give 


values of E ranging between ro and 20 kilovolts—i.e., in the latter case 
actually more than the observed critical voltage for the smaller wire. 
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Fic. 18.—Relation of Current lost to Electric Stress. 


Wire, 9:53 mm. diameter. 


It does not therefore appear as if this explanation is a satisfactory 
one, and, to the author's mind, a far more reasonable one lies in the 
assumption that the layers of air near the wire or, in fact, near any 
conducting surface, have an electric strength greater than that of the 
main body. This is an old idea and has been suggested by Steinmetz, 
Ryan, and others. It will readily explain the high values of electric 
strength obtained with the small wires as the thickness of the layer 
of electrically strong air is greater in proportion to a small wire than 
alarge one. It is supported by the fact that the thin films formed in 
certain electrolytes such as are used in electrolytic rectifiers and 
lightning arresters are known to possess an abnormally high electric 
strength. Itis also supported by the following fact observed in con- 
nection with the above tests :— 

When the wire was positive to the tube it was found that for wires 
more than 6 mm. diameter a disruptive discharge occurred instead 
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of a corona, Now it can be easily shown that if the clectric strength 
of air were constant this could not occur unless the diameter of the 
wire was more than io of the diameter of the cylinder. The wire 
was actually much less than this, and we can only conclude that the 


. electric strength was not constant but decreased the further one went 


from the wire, so that once the discharge started actual disruption 
occurred. 

If we accept this hypothesis we can find the relation between 
distance from surface of conductor and electric strength by the con- 
struction shown in Fig. 20. In this has been plotted against distance 


FIG. 19. 


from conductor surface the value of the electric stress at that distance 
due to the charge on the wire. Thisis equal to— 


a 
Ra X ; 
where— 
R, = stress at surface of wire. 
r == distance of point considered from centre of wire. 
a = radius of wire. 


At some point this curve must touch the curve expressing the 
electric strength of the air—it cannot cut it. Hence, if a number of 
such curves are drawn for different wire diameters their envelope will 
give the relation between electric strength and distance from conductor 
surface which is desired. 
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Еа. 20.—Method of Deducing the Electric Strength of Air. 
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Fic. 21.— Variation of Apparent Electric Strength with Diameter of Wire. 
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This curve is shown in Fig. 20; it has for convenience, and to avoid 
confusing the figure, been moved bodily upwards and must be used 
with the right-hand scale of ordinates. 


COMPARISON OF ABOVE RESULTS WITH OTHER EXPERIMENTERS. 


In Fig. 21 are plotted the values of the electric strength of air 
deduced from these experiments against the diameter of the conductor 
employed. If these are compared with the values of electric strength 
given in Fig. 1 they will be seen to agree very well indeed with the 
upper batch of figures given there—i.e., with Ryan's and the Telluride 
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Fic. 22.—Variation of Electric Strength with Air Pressure. 


measurements—but are considerably higher than given by Mershon’s 
tests. The conditions, however, more resembled those of the former 
than the latter experiments, so that such an agreement is really highly 
satisfactory. It seems to show that the critical voltage is the same both 
for alternating- and direct-current pressures, provided that in every 
case the maximum value of.the impressed voltage is taken as the 
determining factor. It would therefore appear that the frequency of 
supply in an alternating-current system will make no difference to the 
critical voltage, although it will, of course, considerably affect the losses 
after the critical voltage has been passed. 

The second conclusion to be drawn from the curves is the effect of 
atmospheric pressure upon the critical stress. 
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This is shown in Fig. 22. As far as can be told from the readings 
taken, this is represented by a straight line which does not, however, 
pass through the origin, giving if produced back a residual electric 
strength for zero air pressure. Of course this is not actually the casc, 
and the curve bends down somewhere, but between à atmosphere and 
1 atmosphere it seems to be practically straight. 

An equation which appears to fit the lines for all the wires very 
fairly well is— | 


P 
R=R, ( . =) 
02 + o'8 760)” 
where— | 
R, is the electric strength at 760 mm. 
P is the barometric pressure considered. 
R is the electric strength at that pressure. 


Li 


(It should be stated that the temperature during the experiments 
was 17? C.) | 

This result is rather higher than that obtained on a wire о'125 in. 
diameter by Professor Ryan, who obtains a straight line having the 
equation— 


К = К, (ons + 0:885 x) 


This wire is, however, smaller than most of those used in the foregoing 
experiments. , 

An attempt was made to determine whether the presence of water 
vapour had any effect upon the critical stress, the cylinder being filled 
with dry air, which was then drawn out by the pump, moist air being 
allowed to take its place. Мо noticeable effect should, however, be 
observed, both the starting-point of the corona and the loss remaining 
unaffected, 

If these figures are to be applied to the case of an alternating- 
current line it must be remembered that the voltages given are the 
maximum values and must for that case be divided by the amplitude 
factor. | 

It now remains to consider the tests which were made upon the 
two parallel wires hung out of doors. It can hardly be claimed that 
these tests are anything like as complete or conclusive as those which 
were carried out on the wire and cylinder, as they were very much 
limited by the apparatus which was available, chiefly by the generator. 

This, as has been mentioned, could only work up to 70,000 volts, 
whereas to obtain results with wires of the sizes normally employed 
in transmission work would have required voltages of 200,000 to 
300,000. As mentioned earlier, an arrangement was made for connect- 
ing another machine in series with the main one, but the current 
given by this one was so small that no definite corona or critical point 
could be observed. As a consequence of this tests could only be 
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made оп .small-sized wires (diameters of 0'7o mm., 1:195 mm., and 
1°65 mm. being employed), and one had to be content with attempting 
to predict from these what would be the behaviour of larger ones 
were it possible to employ them. 

It would doubtless have been highly desirable to carry the measure- 
ments up to more practical dimensions, but this was not possible. 
The influence machine employed had to be specially made for the 
purpose in order to get sufficient output, and no other was available to 
put in series with it. It is hoped that when another influence machine 
of sufficient output has been built, it will be possible to obtain some 
tests at higher voltages. 


IZO | j T | | | 
| | | a | | | b d 
II5 T i GEF r ZI sheet = "TO MM. wire dry. 
| ' 
uo | ————4 | ——+ : 1 بال‎ 
IO5 | | | |. (ees | L.*ZOMM wire меб. 
IOO r + | | - | - — | dica 122: 
| 
seer er 
| 
90 WR oM SS oe SES | ж | D р | Le Є эж. EE | iX | — 
Ф | | „ло MM. wire | 
85 E ME x Ti ер = eS ntm "e | — EX m 
| " EAE „+ = | in cylinder. | 
Sof pane ptm | f PART —— | = ححص‎ e اكا‎ FELE BE. 
EBENE NR. CUN a E | 
15 نید‎ f | ы I-I95 MM. wire 1 | T 
| | i | 
70 LA pL Boda i {|__| | + i | E i 
65 ~ g | ; T | m | M کے‎ — Pao ral Au 
cof کے‎ i } = = I-65 MM wire. + -t i= | | 
55 ET e - | TQ + | | + + | 2 — 
or Lert eee SES 
45 6 p» im” Г] | | 4 2 E 280: 
2 ur ee ees БЕ БЕ е : ا‎ 
EC | | | | Lal 
oS T—1 + ص‎ e ———1— 
| 
за | | | | 
O I 2 3 4 6 7 8 9 IO II I2 13 J- 
Current Milliamps per KM 


Fic. 23.—Results of Tests on Wires hung Out-of-doors. 


Of the tests which were carried out special attention should be paid 
to the one оп the o'7o mm. wire, as this is the most complete and 
affords the best basis for comparison with the wire, in cylinder tests. 

It will be seen in Fig. 23 that two curves are given for the wire, 
one for it when dry and another when wet. The first was taken on a 
dry summer day with very little water vapour present, the second 
on a day when a strong wind and driving rain were blowing in from 
the sea. 

It is probable that these two curves represent the extremes 
between which the losses lie for all ordinary country anywhere in the 
neighbourhood of towns or industrial centres. The curve for the 
wet wire probably represents the very worst that would occur in this 
country, as the weather conditions were very unfavourable and the 
atmosphere not altogether free from smoke and fumes of various 
sorts. 
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The second thing to be noted is that the values of the critical stress 
given by the curves are considerably lower than those obtained from 
the tests of the wire in the cylinder, being for the dry wire only 65 
instead of 81:4 k.v./cms. | 

It will be observed also that the two curves for the wet and dry 
wires, although starting at considerably different values, gradually 
approach one another and show a tendency to run together. 

The explanation of these effects is believed to lie in the fact that the 
wire being dirty was not behaving in quite the same way as when 
tested in the cylinder. A large loss would probably occur before 
the wire was uniformly surrounded by a true corona, and it is con- 
ceivable that upon a loss occurring in this manner the presence of 
moisture might produce some effect which would not occur for a 
perfectly clean wire. 

The tendency of the two curves for the wet and dry state of the 
wire to run together is explainable on this assumption as the loss 
prior to the formation of the true corona, which alone is affected by 
the presence of water vapour, would become relatively of less im- 
portance after the corona had formed and as the loss was increased. 

Another peculiarity of these results is that the value of ES is much 
less than it was for the case of the wire in the cylinder—i.e., a given 
increase of voltage above the critical one produced a much smaller 
increase in the value of the current lost per kilometre of line. This 
was not expected, as it was thought that the rate at which the ions 
would leave the surface of wire would depend simply upon the 
potential gradient in its neighbourhood which was urging them 
forward, and would be uninfluenced by the manner in which the 
gradient was produced, whether by placing the wire in a concentric 
cylinder or parallel to another wire. This should certainly be the 
case were the potential gradient near the wire settled only by the 
ordinary electrostatic laws, but it seems probable that once a discharge 
has commenced this will not be the case, as the distribution of electric 
stress will be affected by the presence of the charge carrying ions 
which permeate the surrounding space. It seems, indeed, very 
probable that the electric stresses shown on the curves as existing 
at {Һе wire after the corona has formed are only apparent and do not 
really exist. 

It was hoped when the experiments on the parallel wires were 
started that it would be possible to obtain sóme factor by which to 
multiply the values of electric stress obtained from the tests on the 
wire in the cylinder in order to obtain values which could be used if 
designing an actualline. It can hardly be claimed that the tests given 
enable one to do this with certainty without allowing a considerable 
margin. Judging from the tests given, a factor of safety of 2 would 
cover all ordinary cases and one of still less, say 1°7 to 1'8, would 
probably be sufficient. It is true that the larger wires appear from 
Fig. 23 to require a bigger factor of safety than the one of 0:70 mm., 
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but it was not possible to carry the voltage high enough to obtain 
a definite corona with these sizes, and the distribution of loss may not 
have been uniform, being possibly greater at the ends (which were 
near to buildings) than in the middle. It is worthy of note that the 
ratios by which Ryan's tests on the wire in the cylinder exceed 
Mershon's Niagara experiments vary from 1°73 for a wire 2:5 mm. 
diameter to 1°59 for one of 10 mm. 


GENERAL SUMMARY. 


I. That there is a definite critical stress for which loss occurs from 
a direct-current line just as for an alternating-current one. 

2. That the direct-current stress required to produce this loss is 
the same as the maximum alternating-current one. 

3. That this stress is substantially the same whether the wire is 
positive or negative provided that it is clean. 

4. That for dirty wires the electric stress is lowered much more for 
negative than for positive charges. 

5. That the critical stress is greater the smaller the wire diameter. 

6. That the critical stress is reduced by reduction of the air pressure 
but not proportionately. | 

7. That the presence of water vapour in the air does not affect 
the loss or critical stress for a clean wire. 

8. That an actual transmission line does not behave exactly like 
a perfectly clean wire, but that a factor of safety varying from r'5 
to 2 should be allowed. This factor probably depends somewhat on 
the conditions of the district in which the wire is situated and is 
probably less for a line in a clean mountainous region than for one 
in an industrial district. The loss is also affected by the presence 
of water vapour in the atmosphere especially for low values of the 
electric stress, and a considerable loss takes place before the wire 
is uniformly enveloped in a corona or becomes noticeably luminous. 

9. That the loss which occurs with direct current when the critical 
stress is exceeded is due to the production of gaseous ions at the 
surface of the wire. 

Io. That the actual current lost depends partly upon the amount by 
which the stress at the wire exceeds the critical value and partly upon 
the disposition of the wires. 

II. That with alternating-current lines part of the loss may be due 
to the energy stored in the layers of air surrounding the wire and which 
upon breakdown becomes converted into heat, but that this is insufficient 
to account for the whole loss which is observed and that part of the 
loss is probably due to the same cause as that for direct currents. 

In conclusion, the writer would express his thanks to the University 
of Liverpool for facilities for carrying out the work, and to Professor 
E. W. Marchant for much advice and assistance during its progress. 
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DISCUSSION. 


Mr. J. S. HIGHFIELD: I think the results the author has obtained Mr 


may have considerable practical value, but the researches need to be 

carried further. In making tests with direct current on the leakage 
due to air discharge, leakage over insulators, and the like, one of the 
greatest difficulties is to obtain a sufficiently high direct-current pres- 
sure with any amperes behind the volts; and with the ordinary 
influence machine it is impossible to get anything like sufficient watts 
to conduct such experiments. Mr. Watson appears to have devised or 
used a machine which gives results very much superior to anything I 
have heard of before, and I hope he will give us a description of his 
apparatus. As regards the method of conducting the direct-current 
experiments, he’ carries the wire into its supporting tube through a 
pierced insulator, and then lands the other end of the wire on to a fixed 
insulator. I know that he takes precautions to determine the amount 
of leakage on the ingoiug side, but I have not quite followed how he 
measures the leakage over the insulators inside the tube. Iasked M. 
Thury, who has done so much work with high-pressure direct currents, 
for some figures as to the actual losses over long transmission lines, 
and he tells me there is one direct-current transmission line having a 
total length of 180 km., 360 km. of wire of 9 mm. diameter, working at 
a pressure of from 50,000 to 60,000 volts. The current is constant at 
75 amperes. [The PRESIDENT: Is that to earth or wire to wire ?] 
Wire to wire. There are very good ammeters fixed at the power 
station at one end and at the receiving station at the other, and the 
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loss off that line with its thousands of insulators is negligible. On the 
Lausanne line there are 3,000 insulators and about 72 km. of wire, and 
the line can be charged up to its full pressure of 23,000 volts direct 
current by means of an exceedingly small machine giving about 
тс ampere all told. Perhaps I have not followed the figures in the 
paper exactly, but the losses ascertained in the paper do not quite 
agree with the actual losses over these long lines in practice. Possibly 
the difference is due to the different conditions between the overhead 
line and Mr. Watson's test tube. It is interesting to note that the 
critical pressure from Mr. Watson's tests for the maximum point of an 
alternating-current pressure is the same as for a direct-current pres- 
sure, so that with a sine wave it would follow that the stresses on the 
insulators at 140,000 volts direct current would be the same as at 
100,000 volts alternating current. In practice, however, the breaking- 
down stress for direct current is not one-half that of alternating current. 
The curves in Fig. 23 show two sets of tests, one from tests made on 
the wire in the tube, and one from the two wires supported parallel. 
I am not quite sure that Mr. Watson is satisfied that he has found the 
true factor to connect the results of these tests. From the shapes of 
the curves I should gather it was difficult to get an exact factor. I 
think further tests on the parallel wires would be extremely valuable, 
especially if made under actual conditions of practice, and I have no 
doubt that with further improvement of the influence machine such 
tests will be made. | 

Dr. А. RUSSELL : The brush discharge from the line only limits the 
permissible voltage when bare wires are used. The radiation of elec- 
tricity from high-tension overhead wires can be prevented by wrapping 
an insulating material of great electric strength round them, the pro- 
cedure being analogous to that of putting a suitable packing round 
steam pipes.to prevent heat radiation. In my opinion the corona with 
alternating pressure is in phase with the pressure. This can easily be 
tested by a stroboscopic monocular, in the same way as the light 
coming from an alternating arc is tested. If the frequency of the 
current be low enough, the coronz should appear to be rotating round 
the three wires, like the light from. the three lamps in the Siemens 
synchronising device, when the 3-phase machines are not in step with 
one another. In connection with the Telluride tests, the author states 
that they were made at a great altitude in the mountains. The baro- 
meter reading would therefore be low, and consequently the electric 
strength of the air ought to have come out appreciably less than in the 
other tests. Mr. Watson's calculations as to the expenditure of energy 
due to the corona eating up the Faraday tubes are interesting but not 
convincing. They assume that the corona is a conductor, the effective 
size of the conductors being thus increased. Their capacity would 
therefore be increased and their self-inductance diminished, both of 
which effects increase the charging current, and therefore the losses. 
Further electrical calculations in this connection, although interesting, 
are not of immediate practical value, as the bulk of the losses are pro- 
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bably due to mechanical and chemical actions. The hypothesis that 
every conductor has a layer of air round it which is electrically stronger 
than ordinary air is crude and unnecessary. Near the critical pressure 
the ionisation round the conductors begins, and so the electric stress 
on the air close to the conductor is relieved. Hence it is not the fact 
of this air having greater electric strength that prevents the disruptive 
discharge from occurring, but merely the fact that it is subjected to a 
less electric stress than we are led to expect from calculations founded 
on the assumption that there is no electric charge in the air round the 
conductor. I am strongly of opinion that the electric strength of air 
in a given physical condition is a real physical constant, and I have 
never seen any experimental results which could not be explained on 
this assumption. The conclusion that the author deduces from his 
experiment with a wire inside a cylinder is not the only possible one. 
Another and more probable conclusion is that the mathematical cqua- 
tions do not apply owing to the ionisation of the air round the inner 
conductor. It is interesting to remember that as far back as 1855 
Gaugain proved roughly that when the ratio of the diameter of the 
inner conductor to that of the outer was a large fraction, the disruptive 
discharge seemed to be governed by the maximum value of the electric 
stress. The experimental results given in Fig. 21 should prove very 
useful. Steinmetz's experimentalresults * show that the apparent electric 
strength of air with 8 mm. wires is 4077 kilovolts per centimetre, and 
with 28 mm. wires that it is 36°2 kilovolts per centimetre. These results 
agree excellently with Mr. Watson's, considering the great differences 
in the methods of experimenting. The speaker has recently carried out 
experiments with direct pressures on sparking voltages in air between 
spherical electrodes of very unequalsizes. The results seem to show 
that the apparent electric strength of air is 3 or 4 per cent. higher 
when the small electrode is negative than when it is positive, which is 
probably due to the greater ionisation round the negative conductor. 
А reference to the photographs shown in Figs. б and 8 supports this 
view. I agree in general with Mr. Watson's conclusions, interpreting 
“substantially the same" in No. 3 as meaning “ within 3 or 4 per 
cent." 

Mr. E. H. RAYNER : Mr. Watson has a cylinder with insulators 
passing through the metal ends; connected between the generator 
and central wire there is the ammeter and guard-tube arrangement. 
I have found in high-voltage work that it is useful to invert the arrange- 
ment. The potential stress on the wire is greatest at the ends of the 
tube, and leakage takes place around the wire where the lines of stress 
are concentrated before it takes place nearer the centre of the wire 
where the lines are radial. The leakage at the ends may be omitted 
from the current measured by the ammeter by connecting the latter to 
the centre of the tube, which is divided into three parts, the two end 
parts being lightly insulated from the centre part and connected to the 
ш. Transactions o, the American Institute of Electrical Engineers, vol. 15, p. 281, 
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circuit, as shown in Fig. A. I have used this method, which is practi- 
cally a copy of Kelvin's.* guard ring," for wattmeter measurements of 
insulating materials. It is possible to avoid all the trouble of brush 
discharge from the edges of the electrode by using a method of this 
kind, and measuring the energy lost in the material alone. A few 
weeks ago I was working on the same lines as Mr. Watson, but in quite 
a different manner, and I do not know whether to be more surprised 
or pleased at the concordance between us. On page 15 Mr. Watson 
gives us, as Mr. Highfield has remarked, a picture of the influence 
machine, but only as taken from the outside. I venture to say that a 
picture of the inside would also be extremely useful. Those of us who 
have to deal with high voltage can manage the alternating current 
pretty well, if we have a reasonable amount of money, but {Бе high- 
voltage continuous current is rather a hard nut to crack. I should be 
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Fic. A. 


greatly obliged if the author will give us some details as to the output of 
this machine at various voltages—say 20,000, 30,000, 40,000, and 50,000 
volts. If any but a very small current be taken out, down go the volts, 
and that limits the output. To those who have to consider the question 
of apparatus, some little information as to the output of a high-voltage, 
continuous-current machine is always very useful. 

As to the matter of dirty wires, I have not noticed any trouble, but 
it seems that in using a very thin wire the dirt would act so as virtually 
to increase the diameter of the wire and reduce the stress, while natur- 
ally a spot of dirt on alarger wire would increase the local stress in the 
air. 1 have been using smaller wires than Mr. Watson has for certain 
reasons, and the matter is of some little interest. My own experiments 
have been founded on work for the Engineering Standards Committee 
on insulating materials. In the research which is now going on at the 
National Physical Laboratory, I was not satisfied with an ordinary volt- 
meter and breaking down the insulation piece after piece. With the 
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help of the literature on the subject I constructed a wattmeter to 
measure the actual watt losses in insulation much in the same way that 
Mr. Addenbrooke has done. A wattmeter is an extremely simple thing 
to make, and it works well. By working it with the needle at half the 
supply voltage (in itself a great advantage) all corrections for the 
current resistance can be avoided. I designed the wattmeter to be 
used at 10,000 volts, and it works satisfactorily up to about 15,000. In 
experimenting on insulating materials, chiefly varnished cloth, I came 
to the conclusion that it was extremely important to take account of 
the air between the layers; that the dielectric loss in the air was suff- 
ciently great to heat up the material and ruin it. This was one of the 
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wanted to get at some of these куй constant factors, and in par- 
ticular to obtain some measurement of the dielectric «strength of air, 
and to find the point at which watt losses begin, and this wattmeter 
gave me the means of doing it. I first tried а concentric tube and 
wire, as Mr. Watson has done. The tube was quite small, about 8 in. 
long and ү; in. diameter. The results were so promising that I con- 
sidered a larger tube would be preferable, and used one 3 ft. long and 
3 іп. diameter. I hung down the centre of the tube, which was open 
at both ends, wires of various sizes which extended beyond the tube at 


both ends. I used thin wires partly because the wattmeter voltage was 
limited, and partly because I thought that with very small diameters 


some interesting results might be expected. The thinnest wire was 
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less than #5 mm. in diameter. The results are shown in Fig. B. The 
scale of ordinates is the watts lost round the wire per centimetre of 
length (or, by multiplying by 100,000 per kilometre of length). It will 
be seen that the first measurement was made at 2,900 volts, and the 
energy lost was about one hundred thousandth of a watt per centimetre 
length of wire. As the wire was about 1 m. long, the wattmeter 
measured about one thousandth of a watt. At 3,000 volts this corre- 
sponds to about the three millionth part of an ampere. Even if this 
were not completely drowned in the capacity current it would hardly 
be practicable to measure it, so that a wattmeter becomes a necessity 
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for work of this kind with alternating current, and luckily it can be 
made much more sensitive than any practicable alternating-current 
ammeter. 

The rapid rise in the watts to 4,200 volts shows that the loss 
increases rapidly with the voltage. At this point the scale of ordinates 
has been multiplied by ro and the curve redrawn. The scale has been 
further multiplied by то and yet again, showing a loss of some 36,000 
watts per km. at 16,000 volts. The actual watt loss round the wire in 
this case was about 34, and this appreciably heated the air in the tube 
and also the tube itself. Under these conditions the watt loss increased 
with time of application of the voltage as the air warmed up, even at 
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voltages considerably below the highest employed. I now come to the Mr. . 
point where my results may be compared with Mr. Watson's. It wil] FAP” 
be understood that the wattmeter affords a very delicate instrument, 

not only for measuring power but for detecting when loss in the air 

round the wire commences. By using wires of various diameters and 
observing the voltages at which loss commences, a curve can be drawn 
connecting the electric stress in the air at the surface of the wire and 


EXPERIMENTS ON ELECTRIC STRENGTH OF AIR BETWEEN WIRE OF 
RaADIUS (a) CM. AND CONCENTRIC TUBE ОЕ RADIUS (b= 3'7 cm.). 
FREQUENCY ABOUT 50. 


a bla a log b/a. R.M.S. R.M.S. гат R. 
00043 | 860°0 0'0290 3,000 103,500 146,000 
0°0072 515'0 0'0450 3,800 84,500 119,000 
O'OIIS 3220 00664 5,000 75,400 106,000 
o'or6o 231'0 0°0870 6,100 70,200 99,000 
0'0230 I6r'0 o'1168 7,400 63,400 89,400 
0°0460 80°5 O°2015 10,600 52,600 74,200 
0°0820 450 0'3130 13,800 44,000 62,000 


[Note.—In the first line I have put 3,000 as the voltage at which 
watt-measurements with the thinnest wire are detectable. In com- 
piling the table I chose a higher value when there was any doubt. On 
plotting the curve, Fig. A, the value 2,900 as mentioned in the discussion 
would probably be justified.] 


the diameter of the wire as Mr. Watson has done (Fig. 21). In the 
case of alternating current it is usually recognised that the peak of the 
E.M.F.-wave is the voltage to be considered, and as my voltage curve 
is very nearly sinusoidal, I have assumed a factor of r'41 to represent 
the ratio of the maximum value of the voltage to the R.M.S. values as 
measured by the voltmeter. On the diagram (Fig. C) I have reproduced 
the results of Mr. Watson as plotted in the upper curve (Fig. 21) at 
760 mm. pressure as nearly as I could, and the one a little below it 
gives the results obtained from the larger tube and seven different sizes 
of wire. The lowest curve on the left shows the preliminary results 
obtained with the smaller tube. The lower values obtained might 
possibly be due to the increased error in centering wire and tube,which 
was simply done by inspection. Below are the figures relating to the 
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. experiments. The agreement between the two upper curves cannot 


but be considered remarkable having regard to the different methods 
by which the results have been obtained. Assuming the factor r'41 to 
be correct, the two curves show, with more accurate experimental data 
than have probably yet been obtained, the truth of the statement usually 
made that the maximum value of the E.M.F. curve is equivalent to the 
corresponding continuous voltage. 
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The third diagram which I have to show, Fig. D, is one correspond- 
ing to Fig. 19. I have redrawn the bottom left portion of this on a much 
enlarged scale and put in the lower portion of Mr. Watson's curve as 
accurately as I could. It will be noted that my thinnest wire takes the 


value of a log ы down to about 0'03, corresponding to about J in. on 


Mr. Watson's diagram, and that the continuation of the curve to the 
axis cuts the latter at about 2,000. The physical meaning of this, or 
whether still finer wires would show different results, I am not prepared 
to discuss. Finally, I would add that I have so far regarded my ex- 
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periments as little more than preliminary, and had no intention of 
publishing them at present, but Mr. Watson's experiments have entirely 
modified that attitude. 

Mr. J. S. S. COOPER : In the first TE words of his paper the author 
sets aside all commercial considerations. Yet, as a limiting factor in 
the transmission of power, the corona presents a commercial rather 
than a technical difficulty. So far as is known, it can be avoided for 
any voltage by sufficiently increasing the outside diameter of the con- 
ductor. If it proved worth while, copper tubing could be substituted 
for a solid copper conductor. Mr. Russell has pointed out that an 
insulating covering could be-employed. This again is a purely com- 
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mercial question. The necessary and sufficient condition for justifying - 


any such expedient is that the saving effected by increased efficiency 
due to the high voltage shall pay interest and depreciation on the extra 
outlay. It is possible that the limits imposed by the corona may prove 
a considerable factor in the choice between copper and aluminium 
transmission lines. For a given resistance per mile the aluminium con- 
ductor has a diameter about 30 per cent. larger than the copper, and, 
roughly, half the weight. Apart from the question of first cost, alu- 
minium has a number of points of inferiority in comparison with 
copper, one of which is its relatively low scrap value. But the 
advantage of the increased diameter is, at limiting voltages, another 
weight thrown in the opposite scale, and may then be the means of 
turning the balance. The author does not anywhere state the material 
of his wires. ‘Lhis, of course, amounts to a tacit assumption that the 
corona effect is purely physical. In the tests made by Mershon at 
Niagara the loss was found to be greater for an aluminium wire than 
for a copper wire of the same diameter. This does not necessarily 
prove that the effect has a chemical factor, for it may be due to the dif- 
ference in texture of the surfaces of these two metals. It is well known 
that some metals, including zinc, are capable of producing ionisation 
under the action of daylight, and this suggests another possible explana- 
tion. 1t would be important to decide by conclusive tests whether 
there was any practical difference between common metals as regards 
critical voltage and brush-discharge losses. The construction of Fig. 20 
is both ingenious and suggestive. Mr. Russell has. remarked that it 
rests on certain assumptions which may not be applicable to the case 
considered. But if, for the moment, the principle of this construction 
is admitted and is pushed to its logical conclusion, some curious ideas 
may be deduced. Imagine the thick curve in this figure to be already 
drawn, and that below it is drawn the curve of electric stress in the 
neighbourhood of a certain wire at a voltage well below the critical. 
If the voltage on the wire is now raised, and the curve keeps pace with 
the change, the curve will move up the paper, retaining its general 
shape unchanged. At the moment when the critical voltage for this 
particular diameter of wire is reached this curve will coincide with one 
of the thin curves shown in Fig. 20, and will touch the envelope curve. 
At this same moment breakdown will begin at a distance from the 
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wire represented by the abscissa of the point of (geometrical) contact. 
The breakdown of this cylindrical layer of air will increase the stress 


on the neighbouring layers, and the breakdown or corona will spread 


inwards to the surface of the conductor and outward until equilibrium 
is established. The assumption of the truth of the hypotheses on which 
the figure is based thus leads to the conclusion that breakdown never 
begins from the surface of a wire unless its diameter is infinitely small. 
This result is rather at variance with accepted notions, and renders it 
probable that the hypotheses on which it rests are inapplicable to the 
conditions of the tests. 

Mr. Н. M. HOBART : As regards its immediate practical bearings, 
the most important point that I have noted which has been dealt with 
in the discussion is the confirmation of Mr. Watson's third conclusion 
by Mr. Rayner and also (within 4 or 5 per cent.) by Dr. Russell. This 
conclusion is that the handicap of transmission of alternating current, 
as compared with transmission of continuous current, is, so far as 
concerns the working pressure, of the order of 40 per cent., i.e., the 
continuous system is on the same basis as the alternating system when 
the pressure is 140,000 volts continuous as against 100,000 volts alter- 
nating, instead of, as claimed by the advocates of the Thury system, 
that an alternating pressure of 70,000 volts is equivalent, as regards the 
insulation of the system, to a continuous pressure of 140,000 volts if the 
alternating pressure has a sine wave-form. Mr. J. S. Highfield,* in an 
interesting paper describing the Thury system, gave us to understand 
that the ratio of advantage of the continuous system was of the order 
of 2 to 1, and that conclusion was accepted by a good many who took 
part in the discussion. Lord Kelvin, who presided on that occasion, 
concurred in that view, only reserving an expression of considerable 
surprise that it was the case. All theother speakers whom I remember, 
except myself, fell in with the view, but I ventured at that time to 
point out that the tests were exceedingly crude and were far from 
sufficiently conclusive. I analysed some of the tests which were 
included in Mr. Highfield's paper, and I found that in many cases 
the ratio was 41 per cent, and in fact the very tests on which Mr. 
Highfield based the 2:1 ratio, when carefully examined, were equally 
indicative of a r'ar:rooratio. I consider this a matter of very great 
interest, because the question of how to transmit electricity to a 
distance to the greatest advantage is one of very great importance. 
While I hold that the alternating system is beyond all comparison 
the best, not only from the standpoint of engineering soundness, but 
also, and chiefly, with respect to commercial economy ; nevertheless, 
some attractive features are inherent in the continuous system, and 
since it is the task of engineers to arrive as nearly as possible to an 
agreement as to the best system, it is as well to subject all claims 
to thorough investigation, and here we bave three authorities—Mr. 
Watson, Mr. Rayner, and Dr. Russell—all agreeing as to the correctness 


of the J/2 : 1 ratio as regards equivalent pressures. 
* Fournal of the Institution of Electrical Engineers, vol. 38, p. 471, 1907. 
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Mr. J. T. IRWIN: I wish to raise the question whether the voltage 
applied by the author is really a constant voltage. It was suggested to 
me by Professor Mather that the wave-form of an influence machine 
should be obtained. Fig. E shows the wave-form from a Wims- 
hurst machine giving about 20,000 volts when it was supplying a 
leakage current of about 5 micro-amperes ; the variation of voltage 
would become greater if a greater current were taken from the 
machine, unless the capacity of the condenser (which in the above case 
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was about о'оооІ of a microfarad) were increased. This and the 
following curves were taken on an electrostatic oscillograph. I also 
tried to reproduce at short notice a condition of affairs somewhat 
similar to those at the surface of a wire when the pressure is raised 
toa high value. Fig. F shows the arrangement where K, is a Leyden 
jar placed in series with an air condenser K,. One of the plates in K, 
was plane, whilst the other had about 10,000 points projecting towards 


Fic С. 


the plane plate ; E. O. represents the electrostatic oscillograph which 
could be placed across K, or К, Pressures up to 30,000 (R.M.S.) volts 
could be put across the two condensers in series from the secondary of 
a transformer. The curve in Fig. G shows the pressure across the con- 
denser K, when the voltage across the transformer was small; in this 
case it is seen that the voltage across the transformer only rose once 
during each half-period to a sufficiently high value to break down the 
air condenser. Fig. Н shows the voltage curve across K, when the 
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pressure across the transformer is high ; in this case when the voltage 
breaks down the air condenser, the latter is recharged again to 
practically the same value, since the main voltage is still increasing ; 
it then breaks down a second time, and is again recharged. The 
number of times it breaks down depends upon the charge that flows 
into the condenser K,, and this obviously depends on the maximum 


Fic. H. 


voltage across the transformer. In considering the energy dissipated 
owing to the breakdown of the wire, Mr. Watson should therefore 
have considered the number of times per cycle the air broke down. 
Fig. I shows the voltage across the condenser K,, when the voltage 


Fic. I. 


across the transformer is intermediate between that for Figs. G and H. 
It shows that the voltages across the two condensers are not in phase, 
and gives the rise in voltage across the Leyden jar when the air con- 
denser breaks down. These curves were complicated a little by the 
fact that a certain amount of rectification was taking place at the air 
condenser. The sensibility of the oscillograph had to be varied for 
the different voltages, so that the curves are not all to the same scale, 

The PRESIDENT: In calling upon the author to reply to the dis- 
cussion, might I suggest to him to satisfy a desire which has been 
expressed by several of the members, namely, to add working drawings 
of the influence machine used. So many men are now working on this 
subject, that the addition of such drawings will be a great help to 
them. I understand that it was by working the machine in compressed 
air that he was able to get the high voltage required in his experi- 
ments, but apart from this general principle, there must be details of 
construction of which it would be useful to have a record in our 
Journal, 

Mr. E. A. WATSON (in reply): Mr. Highfield raises the question of 
the supporting of the end of the wire in the tube and the possibility of 
any leakage over the support. The end of the wire was carried by a 
solid piece of ebonite rod about 9 in. long, the insulation resistance of 
which was infinite, as far as could be ascertained. There is con-. 
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siderable difference between a solid insulator like this and one which 
has a wire passing through its centre, such as was used to bring the 
current into the apparatus. The presence of the central wire causes 
a very uneven distribution of electric stress on the outside of the 
insulator, which tends to cause leakage along its surface, in addition to 
which there is the danger of leakage through the material itself. A 
guard tube was therefore advisable in this case, whereas it was not 
required in the other. In order to ensure that the lines of force were 
not crowded and the stress concentrated at the ends of the wire, the 
ebonite of the terminals was thinned down at the end to a sharp edge. 
Observations of the wire in the dark showed that the brush discharge 
commenced simultaneously along the whole length of the wire and not 
at the ends first, proving that this device was effective. The losses 
obtained from the tests on the wire in the tube do not, as is stated in 
the paper, agree with those obtained from the parallel wires, the differ- 
ence lying not so much in the voltage at which a loss begins as in the 
magnitude of the loss when the critical voltage is exceeded. This loss 
is always much greater for the tube tests than for the parallel wires, and 
the explanation, I believe, lies in the ease with which the ions produced 
by the discharge can, when the tube is used, get away and deliver up 
their charges. In the parallel wire case the distance they have to 
travel is much greater, and the average potential gradient driving them 
is much less. They therefore take longer on their journey, and the 
number of ions discharged in a given time is smaller, which means 
that the leakage off the line is less, During their journey to deliver up 
their charges it is only reasonable to suppose that the charge which 
they carry affects the value of the electric stress at the wire, tending to 
lower its value and prevent the production of fresh ions. The rate of 
discharge from the wire is thus automatically controlled and its magni- 
tude will depend not only on the voltage applied and the apparent 
electric stress which it produces, but also on the arrangement of the 
wires in space, I am much interested in Dr. Russell's experiment 
showing the corona to be in phase with the voltage, and I agree with 
him in thinking that the greater part of the loss is due to mechanical 
and chemical effects. As regards the Telluride tests, allowance has 
been made for the altitude in working out the results. Since writing 
the paper I have seen an actual transmission line in Colorado working 
with a factor of safety of only about 1°25 in the higher parts of the line, 
which would certainly be impossible but for the cleanness of the air 
due to the great altitude. I am afraid that I still remain unconvinced 
by Dr. Russell's remarks as to ionisation around the wire being the 
cause of the higher apparent electric stress with small diameter. Once 
the discharge has commenced there is no doubt that ionisation would 
greatly modify the state of affairs, but the leakage off the wire begins 
so suddenly and definitely that I really cannot believe that there is any 
disturbing effect due to ionisation prior to the critical points. After all, 
we know that the molecular condition of a gas near to a solid surface 
is not quite the same as it is in the body of the gas itself, and I see 
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M nS ` no obvious reason why the proximity of the solid should not affect 
і the electric strength. Dr. Russell’s result of an apparent electric 
strength 3 to 4 per cent. higher for negative than for positive charges 
agrees substantially with the curves shown in Fig. 9, where it is 
pointed out that when the wire was negative the critical stress was 
slightly the higher. Iappreciate Mr. Rayner's suggested arrangement 
to obviate errors due to leakage at the ends. My reason for not 
employing it was the large size of the tube, and the difficulty of making 
sure that there was no leakage outwards off its surface. This could 
have been done by keeping it at about earth potential; but in order to 
the maximum voltage out of the influence machine it was necessary to 
have both poles alive, and there was a danger of losses taking place 
from small roughnesses and irregularities on the surface of the tube, or 
possibly due to slight ionisation of the air in the room. Mr. Rayner is 
quite correct about dirty wires. With small wires I experienced no 
trouble at all in getting consistent results, but with large ones it was 
very difficult indeed. Special cleaning arrangements were employed 
which could be operated from outside the tube after the wire was in 
place, and the inner surface of the tube was covered with sticky sub- 
stances in order to collect and hold the dust. Even with these precau- 
tions, with a wire of ro mm. and upwards in diameter, a great deal of 
care was necessary in order to get the required readings. I am very 
greatly interested in Mr. Rayner's electrostatic wattmeter, and must 
congratulate him on the results which he has obtained. Iam pleased 
at their close agreement with my figures, and with the way in which 
they show the truth of the r'41 ratio for alternating-current tests on a 
homogeneous medium such as air. I hope Mr. Rayner will be able to 
extend his tests to larger wires and also to carry out some experiments 
on parallel wires as well. Mr. Cooper points out quite rightly that the 
question of the corona is really a commercial difficulty. What I meant 
to imply was that at present in most cases the most economical 
voltage, having regard to cost of copper, insulators, apparatus, etc., is 
lower than that at which a corona would be formed, and it is only on the 
longest high-voltage systems that the question has so far become very 
important. The wires on which the tests were carried out were of 
hard-drawn brass, but the results appear to be independent of the 
material provided that the condition of the surface is the same. As 
aluminium has a tendency to weather to a rougher surface than copper, 
it is possible that it would give lower figures in practice. The curves 
in Fig. 20 certainly would seem to imply that the inner boundary of the 
corona is not the surface of the wire, and Ryan,* using alternating 
current, has actually observed a space between the two. It is true that 
the photographs do not show the existence of such a space, but with 
direct current once the discharge has started the conditions are some- 
what different to those which obtain before the critical point is 
reached. Mr. Hobart raises the question of the 2 to т ratio for 
alternating and direct currents. While in a material like air the. 
* Transactions of the American Institute of Electrical Engineers, vol. 24, p. IOI, 1904. 
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advantage of direct to alternating current is only equal to 2: 1, 
yet in a solid material which can become heated by an incipient dis- 
charge, and still more so in a composite dielectric, such, for instance, as 
is formed by air and an insulating solid, the advantage is much greater 
and can, I believe, quite easily attain the 2 to 1 value given by the 
advocates of the Thury system. I am very glad to see that Mr. 
Irwin's oscillograph is now completed and satisfactory; the curves 
which he has given are very interesting indeed. As to whether my 
influence machine was giving a steady voltage or not, the machine 
itself certainly gave aripply current, but I believe that with the arrange- 
ment of condensers shown in Fig. 3 the voltage on the wire given by 
the machine was steady within less than I per cent. ; the capacity of 
the condensers being increased until further addition made no differ- 
ence to the values of the critical voltage read on the voltmeter. From 
Mr. Irwin's oscillograms it appears possible, however, that the actual 
discharge from the wire was intermittent in character, although the 
voltage impressed on it was steady. In fact, the hissing noise of the 
discharge would suggest this, and experiments on the question would 
be very useful. Several speakers have asked about the influence 
machine employed. I am afraid that I cannot give complete details as 
yet, as there are some points which I wish to protect. Briefly the 
machine is a multiplate machine running in compressed air. It has 
nine fixed plates 124 in. and eight revolving plates 9 in. in diameter. 
The revolving plates are all carried on a common spindle and run 
in the same direction, the designed speed being 2,000 revs. per minute, 
although it was usually run about r,200-1,400. Current is collected 
by means of small steel rollers running on the plates. The revolving 
plates are of ebonite with copper sectors buried in them, the 
stationary ones are plates only in name, for they consist of stecl 
sectors about 14 B.W.G. riveted on to cross-pieces and carried off 
insulating supports. The insulation is therefore compressed air only, 
which at the pressures employed (150-200 lbs. per square inch) is equal 
to a solid dielectric and is not injured by any breakdown. For large 
currents the stationary sectors (12 in number) were grouped so as to 
give a multipolar arrangement, a revolving sector passing through six 
complete cycles during one revolution. For higher voltages and 
smaller currents they were grouped for a 2-pole arrangement as is 
customary in ordinary influence machines. The brushgear was 
arranged so that it could be rocked through a small angle in order to 
allow contact to be made with the sectors when at the same pressure as 
the collectors, thus securing sparkless collection. The machine was 
designed to give an output of ro milliamperes at 100,000 volts when 
running at 2,000 revs. per minute. It has not yet given anything like 
this output owing to breakdown of the solid insulation of the revolving 
plates. Various substances have been tried, but it has not yet been 
possible to work the machine with a higher excitation pressure than 
about 40,000 volts without causing breakdown, the current breaking 
through the insulating material from the revolving sectors to the 
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stationary ones. The compressed air insulation is designed to stand 
200,000 volts excitation, and there is no doubt that were it possible to 
get the rest of the insulation to stand up to this figure the desired 
output would be more than obtained. Experiments are in progress to 
get over this difficulty and obtain a design which will not break down 
so easily, and it is hoped at some future date to be able to describe the 
machine more fully. 

The PRESIDENT : Gentlemen, I now ask you to accord a hearty vote 
of thanks to Mr. Watson for his most interesting paper. | 

The resolution was carried with acclamation. 

The meeting adjourned at 9.45 p.m. 
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Proceedings of the Five Hundred and Third Ordinary 
General Meeting of the Institution of Electrical 
Engineers, held in the Rooms of the Institution 
of Civil Engineers, Great George Street, West- 
minster, on Thursday evening, February 17, 
1910 — Dr. GisBERT Kapp, President, in the 
chair. | 


The minutés of the Ordinary General Meeting held on HEU | 
IO, 1910, were taken as read, and confirmed. 


The list of candidates for election ito the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 
From the class of Associate Members to that of Members :— 
Alfred Н. Burbidge. | Maurice Solomon. 


From the class of Associates to that of Members :— 
Arthur Frederick Guy. | Robert H. Houghton. 


From the class of Associates to that of Associate Members :— 
Benjamin Adair Malcolm Boyce. 


From the class of Students to that of Associate Members :— 


John J. Cardwell. . David S. Paxton. 
Frederick Creedy. Robert Rankin. 
William P. Crooke. . H.R. Rivers-Moore. 
Arthur Cunnington. Charles E. Savage. 
Arthur G. Gordon. J. P. Stockbridge. 
John F. Lochhead. Harry Whitworth. 


Messrs. A. Green and W. E. Butcher were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


ELECTIONS. 


[Feb. 17th, 


As Associate Members. 


Arthur Stanley Angwin. 
John Egerton Barnes. 
Edward Barrs. 
Harold George Brown. 
James Brown. — | 
Charles Crompton. 
Richard Cunningham. 
Percy Trevor Davies. 
Robert Nicol Duncan. 

. Frederick Arthur Gaby. 


William Leonard D. Gundry. 


Edward Harlow. 


Frederick Williama H. Hayes. 


Francis Sydney G. киын 
Arthur Imbery. 
William Ireland. 


Edgar Joseph Ivison. 

George Charles Jefferycs. 

Francis Hugo Machugh. 

Thomas Henry Matthewman. 

Andrew James | McDouall 
Murray. 

James Hamilton Murray. 

Frank Fitz Gerald O'Hagan. 

John Patrick. 

Faville Clement Poulton. 

Thomas Edwin Schar ffetter. 

Edwin Slader. | 

Weldric Arthur Talbot. 

Charles Edwin Tattersall. 

John Waddell. 

Roland Wheeler. 


As Associate: | 
Lewis Hey Sharpe, B.Sc. 


As Students. 


Francis William D. Adcock. | 
James Allan. | 
Francis George Allen. 

Aubrey Cyril Bowman. 

Hugh Clark. _ 

Raymond Henry Dryden. 


Herman C. Hannam-Clark. 
Charles Haydock Hill. 
Kenneth Graeme Maxwell. 
Robert Francis Niven. 
Thomas Richard Parry. 
Thomas David Todd. 


The following paper (see page 49) was read and discussed : 
“Modern Electric Time Service,’ by Mr. F. Hope-Jones, Member. 
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MODERN ELECTRIC TIME SERVICE. 


Ву F. HoPE-JoNEs, Member. 
(Paper reccived December 2, 1909, and read in London on February 17, 1910.) 


When I read a paper * before this Institution just ten years ago, 
electric clocks were at a very low ebb in this country. Towards the 
end of last century we had all been too busy with the more pressing 
problems of light and power to make any serious attempt to apply 
electricity to horology. The brief review then given showed that 
practically all the work of English inventors, including even that of 
Bain and Wheatstone, had been futile, the only survivals of the 
Victorian Era being the two forms of synchronisation, the Ritchie 
sympathetic pendulum, and the Lund minute hand clip, both of them 
necessarily very limited in their applications, while every attempt to 
introduce foreign systems had failed. 

This was the position on the threshold of the present century when 
I introduced the * Synchronome " system to your notice. Some one 
had to prove that electric clocks, if constructed on sound principles, 
would work, and for five years it was left to me to do so. In that 
period three hundred or four hundred installations were erected, and 
these restored confidence and attracted others into the field. In 1905 
no less than five systems sprang into active competition, and the 
business of electric time service which could hardly be established 
by one firm alone, however successful, was fairly launched as a branch 
of our profession. 

The Council have consequently considered the subject worthy of an 
Institution evening, but I have now the rather more delicate task of 
describing the systems of others as well as the latest improvements in 
my own. 

Representatives of these systems have, however, been invited here 
to-night, and I shall make my reading short so that they may make up 
in the discussion for any deficiency in my recital of their merits. It is 
practically impossible for me to do justice to other systems in a manner 
that would satisfy the inventors. In the first place, we have not time, 
and in the second, my sources of information are limited to what is 
published in their Patents and printed matter. 

I must first remind you of the three classes into which the subject 
is divided :— | 

I. Self-wound clocks, independent of one another, which 
simply use electricity to provide their motive power. 


* Fournal, Institution of Electrical Engineers, vol. 29, p, 119, 1900, 
VoL. 45. 4 
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II. Synchronising systems, in which a regulator or standard 
clock sends out electrical impulses to correct the hands of 
complete clocks having an independent life of their own. 

III. Circuits of electrical impulse dials, in which a controller 
master clock, or transmitter, whether self-wound or key- 
wound, sends out electrical impulses at short intervals— 
e.g., every half-minute or minute—to propel the hands of 
* receiver," *indicator," or “secondary” dials. 


The first division does not come within the title of this paper, 
because it does nothing to strike at the rootof the evil—the independence 
of clocks. It is true that a consulting clectrical engineer only last year 
actually included in a county asylum specification thirty independent 
non-synchronised self-wound clocks, but we must pass him by for want 
of time to go over the old ground of collectivism versus individualism 
in clocks. That mistake is not likely to be made again. Yet there is 
such a subtle fascination about a self-wound clock that I have obtained 
specimens of nine of the best and set them going on the table. They 
are as follows : Hipp, Scott, Aron, Hoeft Müller, Synchronome, Reason, 
Eureka, Fery, and Self-Winding Clock Company, of Brooklyn, U.S.A. 
Automatic time switches for switching on and off electric light at pre- 
arranged times are usually isolated and cannot be grouped into time 
circuits. Their independence is therefore justified, and as accurate 
time-keeping is not necessary it is high time they were made self- 
winding by one of these methods, and that of the Reason Company was 
designed for the purpose. The Self-Winding Clock Company, of 
' Brooklyn, U.S.A., comes within my classification because it is always 
fitted with a synchronising device, but I described that fully ten years 
ago, and nothing of importance in synchronisation has been achieved 
since then. Irefrain from discussing applications of wireless telegraphy 
and pass on to— 

Class III. Circuits of electrically-propelled dials. 

The systems of electrical impulse dials which are of commercial 
importance to-day and which practically arrived in the year 1905 are 
those of Lowne, Aron, Perret, Magneta, and Gent. The systems of . 
Campiche and Palmer (both of which arrived in that year also) are 
omitted because the amount of work yet done by them is hardly 
enough to justify their inclusion, but they should be mentioned because 
they were the first to give impulse to the pendulum in one substantial 
thrust every half-minute and to rotate a count wheel by the pendulum 
for that purpose, a method adopted by Lowne, “Synchronome,” and 
Gent, and likely to be generally followed. 

The time transmitter of Messrs. К. M. Lowne & Son, of Catford, is 
shown in Fig. I. The pivoted crutch A (the pins at the bottom of 
which embrace the pendulum rod) has an extension at the top which 
carries the escapementrod B. The armature C is held up normally off 
the poles of the magnet by the flat steel spring E through the medium 
of the rod D. А pivoted catch lever is seen at F, and a gathering click 
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at G, which revolves wheel H once a minute, bringing one end of the 
lever J every half-minutc into the position shown where it will form an 
obstruction in the path of the contact springs K mounted on the crutch 
A and swinging with the pendulum. The contact L being also 
normally closed, the magnet is energised on each fifteenth excursion to 
the left of the seconds pendulum, and power is restored in spring E. 
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The series circuit includes the dials M, M, M*, which are of the simple 
one-wheel step-by-step type similar to that described in my last paper, 
but provided with shunt coils N. The armature C, when it is thus 
pulled down, is caught by F, which holds it there until the pendulum on 
its next swing to the right releases it and allows the spring E to dis- 
charge itself into the pendulum through the medium of the escapement 


rod B. 
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A flywheel P is linked to the armature of the pendulum movement 
to slow its motion in order to make sure that contact L remains closed 
until the most sluggish dial has operated. The shunt coils N in the 
dials, by cutting out the resistance of each magnet as soon as it has 
operated, increase the current through those that require more, and 
thus it can be truly said that the current consumption is exactly that 
which the dials require. As an alternative to the inertia device P to 
prolong the duration of the contact L, two subsidiary transmitters may 
be used on the alternate circuit system where one makes and the other 
breaks. This is an elaboration of the electrical interlocking system 
described in my last paper, and it involves a device for halving the 
number of vibrations of the armature lever. 

Though the propulsion of the pendulum might not satisfy the purists 
in that the peadulum is never absolutely free, that it does work at 
the end of its swing, and that all the energy for contact making is 
derived from it, it is nevertheless no surprise to me to hear of its 
excellent time-keeping performances as the details are of fine design 
and workmanship. 

The Aron system is, of course, based upon Dr. Hermann Aron’s self- 
winding action long successfully used in the meters of the Aron 
Electricity Meter Company, Ltd. It is illustrated in Fig. 2, in which 
the driving click A, mounted on the armature B, drives the main wheel 
of the clock by means of the spring C. The carrier D, with insulated 
blade E and contact blade F, is in a state of unstable equilibrium, and is 
adapted to be flung in one direction or another by the spring G when 
the contact pin H on the armature has moved it past the dead centre. 
It is used to self-wind what may be described as an ordinary striking 
clock in which the striking part has the sole duty of turning a com- 
mutator every minute, sending an impulse to the dials and reversing the 
polarity of the battery every time. In this respect they follow standard 
German practice which, in such systems as Grau- Wagner, of Wiesbaden, 
has entirely justified itself. 

All attempts to produce systems with uni-directional impulses were 
abandoned on the Continent long ago, because they could not produce 
contacts perfectly clean and precise in make and break. Possibly 
they did not realise this as the real reason why their dials did not keep 
step, but they have been faithful to polarised dial movements for forty 
years in Germany for the sake of the security which they give. Every 
impulse might consist of a whole group of untidy splashes instead of a 
smooth-topped wave without a single polarised dial movement getting 
out of step. Consequently the oscillographs of impulses of uni- 
directional systems which we shall shortly be looking at will have 
no interest to those who have pinned their faith to the. Continental 
method. 

The self-winding action of Perret's system is shown in Fig. 3. 
Magnet A is placed vertically underneath armature H carried on 
lever C centred at B. The weight of this lever, plus spring R, is driving 
wheel F through the medium of click C. The wheel F is usually the 
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centre wheel of a watch escapement revolving once an hour and 
having 60 teeth. B, and B, are contact pillars and D, D, are spring 
contacts engaging with them and arranged to be opened and closed 
alternatively by the wheel through the medium of lever C, and driving 
click С. The contacts аге in series, and as the driving lever C falls, 
D, B, is slowly made, D, B, being then open. C, now drops over the 
top of a tooth and D, B, is quickly closed, the magnet operated, 
and D, B, is quickly broken. 

Though the contact is of the *touch-and-jump-away "sort, instead of 
* touch-and-follow-on," the functions are divided and the contact that 
jumps away is the one which was made substantially and at leisure 
when the circuit was open elsewhere. All the energy for contact 
purposes is derived from the wheel F or the armature which drives 
it, but little is required for a contact of this nature and fluctuations 
of driving force are small. It is limited to small currents and low 
voltage, relays being used for circuits of dials, which are of the simple 
one-wheel step-by-step type. 

The watchmaker and jeweller in this country is still pushing electric 
clocks away from him with both hands. That has been the attitude of the 
trade from the beginning, and it is so still with a few notable exceptions. 
It is not unnatural that the man who wants clocks should go to the 
local clockmaker for them, even though he wants electric ones. But 
when he asks for them, he is solemnly warned off. Ultimately, the 
shopkeeper finds he has lost the order, perhaps for the time-keeping 
equipment of a large hospital or school, and that it has gone to the 
electrical profession. He is then bold enough to invest in a small trial, 
installation, and this system appeals to him because of the inexpensive 
and portable form of the master clock. Colonel David Perret is an 
horological expert of great standing, with finely equipped factories 
at Neuchatel. He knows just how to make movements in the form 
suitable for the clockmaker to fit into any class of ornate case, and he 
permits them to be sold separately for that purpose, giving a substantial 
trade discount. 

Not one clockmaker in a hundred in this country has the haziest 
notion of what an electrical clock is, whereas in Switzerland it has been 
an active part of their profession for a generation or two. Con- 
sequently I fear trouble with this system here through lack of expert 
handling which, good as the system is, I think it needs more than 
some of the systems to be mentioned later. 

Ten years ago, when describing Wheatstone's induction system and 
the abortive attempts to use it in the Houses of Parliament and the 
Royal Institution of Great Britain in 1845, I little thought that his 
method was on the eve of a great revival, but at the very time I was 
recording the history of a failure, Herr Martin Fischer, of Zurich, was 
making history, and a success, by his applications of Wheatstone's 
principles which produced the “ Magneta" system. 

It will be recollected that Wheatstone generated alternate currents 
by means of the pendulum bob of his controlling clock, which was, 
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in fact, a magneto-electric machine driven by an enormously heavy 
weight wound by hand. The armatures in his dials revolved once 
for every complete vibration of the pendulum of the master clock, and 
were geared to the minute hand through a train of wheels. It is easy 
for us to see that his method could not hope to succeed in view of the 
flagrant violation of the rule, that the time-measuring function should 
never be combined with other duties. In Wheatstone's system the 
entire energy required to operate a circuit of propelled dials is derived 
from the one timing pendulum itself, an unwarrantable interference 
with the free action of gravity. And it is needless to say that the 
energy so obtained could never be sufficient to operate even a small 
group of .dials with certainty. 

Fischer made two radical improvements straight away ; his magneto- 
electric generator was driven by a separate train of wheelwork, let 
off by the going train of a key-wound clock which was otherwise 


FIG. 4. 


uninterfered with, and he generated his impulses once a minute 
instead of every second. 

The arrangement is illustrated in Fig. 4, a horizontal section 
through the master clock. The releasing lever 5 forms the connec- 
tion between the two trains of wheelwork, the power train on the left 
and the going train on the right. When the latter releases the lever at 
the end of a minute, the crank 6 is free to make one revolution, and by 
means of the connecting rod 7 it gives the armature a rapid to-and- 
fro vibration, banked by the springs 8, which not only reduce shock, 
but conserve some of the energy which would otherwise be lost in 
starting and stopping. The dial movements are, of course, of a 
polarised type, and are designed for quick action, leaving a spring to 
do the work of moving the hands. 

In 1903 the Magneta Company were good enough to send me a report 
of a most exhaustive series of laboratory tests imitating extraneous 
induction interferences—a fine example of that German thoroughness 
which deserves to succeed—and I quote from a translation of it as 
follows; “ As compared with Wheatstone’s, the inductor possesses a 
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high degree of efficiency, the magnetic field being completely enclosed 
in iron. It works at a much higher speed, and a space available for 
the motion of the armature is unlimited. "The duration of the impulses 
vary from o'1 to 0'2 second, according to self-induction, etc." 

When one has to take hold of small amounts of mechanical energy, 
isolated in point of time, and convert them into electrical energy, 
one is bound to lose most of it. Wheatstone dealt with a very small 
quantity every second, whereas Fischer deals with a much larger 
amount every minute, and consequently the loss is greatly reduced 
though still considerable. The limitations of such a system are obvious, 
and a master clock capable of operating a large circuit of small dials, 
or even a small circuit of large dials, must be both costly and cumber- 
some compared with one which has only to operate a switch. If a given 
dial requires 5 ft.-Ibs. of energy per week to operate it, then (assuming 
an efficiency of тоо per cent.) 50 dials will require 250 ft.-lbs. to 
be stored in the master clock weekly, in addition to its own going 
power ; but, as we have said, in the conversion of small mechanical 
energy into electricity and its reconversion into ft.-lbs. an efficiency 
of, say, 25 per cent. is the most we can hope to get, and consequently 
1,000 ft.-lbs. will be required per week for бо dials. In practice daily 
winding is usually resorted to, and though this reduces the necessary 
power storage to one-seventh, the size and cost of the master clock 
is still a difficulty in the case of large circuits, whilst the capacity 
of each master clock is limited, and if a time circuit requires to be 
extended it presumably would have to be changed. . 

The timekeeping of the Magneta master clock is well within its 
requirements because it is so constantly under the eye of the clock- 
winder. "The accurate measurement of time for long periods by 
automatic means is a difficult yet alluring scientific problem with 
which they can have nothing to do unless and until they make their 
master clock self-winding. This has been suggested by means of a 
rotary motor in a method which will be described later on in connec- 
tion with turret clocks; but can such a proposal be taken seriously ? 
The motor would first convert current from the mains into foot-pounds 
in raising the weights of the master clock. In falling a little way every 
minute, the energy is reconverted into electricity for transmission to 
the dials, where it is once more converted into mechanical energy 
to move the hands. This roundabout method, with the heavy loss of 
efficiency involved in each stage of piecemeal conversion, would be 
necessary to enable the system to accomplish the same automatic 
result achieved by the modern battery system, which takes electrical 
energy from any convenient source, converting it into mechanical 
power in one simple operation wherever required. "The justification 
claimed for the induction method is that the dials are in a permanently 
closed circuit, no contact being required to chop up an outside source 
of electricity into impulses. The inductor is operated by a train of 
wheelwork quite distinct from the going train which only has to release 
it, and consequently there is little, if any, interference with the time. 
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keeping properties of the high-class Graham dead-beat escapement 
used. 

The motto, “No contact and no battery,” inscribed upon the 
Magneta Company's banner, was most appropriate in every Continental 
country and in America, and secured for them an casy victory over 
the old-fashioned battery-driven systems, but I hope to demonstrate 
conclusively that both difficulties were overcome here years ago. It 
seems to me that the greatest virtue of the Magneta system is one 
which I have never heard them claim—the uniform wave-shape of 
their impulses—whilst its greatest drawbacks are the necessity of 
frequent winding, the loss in conversion and reconversion, and the 
consequent limitation of available power. 

It was precisely from this point of view—faulty contacts and TU 
batteries—that the author of this paper approached the subject fifteen 
years ago, recognising it then as the main cause of the backward state 
of the science at that time compared with telegraphy, telephony, light, 
power, and other achievements of the nineteenth century. 
` The clockmaker who knew little of electricity put a pin on one of 
his gently moving wheels to engage a light spring, and made a poor 
contact, while the electrician, knowing little of horology, did the same 
with a stiffer spring, and stopped the clock or spoilt its timekeeping 
properties. That sort of thing had been going on for fifty years, and 
had ruined the reputation of electric clocks in this country, while 
abroad it drove Paris to a pneumatic system and produced complicated 
methods iu Germany and Switzerland in which the current was reversed 
at each impulse. 

Contacts operated mechanically by clockwork have the following 
vices :— 


I. What small power is available for making them is robbed from 
the escapement. 

2. They lack precision in the make and break. 

3. Their duration is arbitrarily adjusted to their supposed require- 
ments. 

4. They pass what current is available regardless of its sufficiency 
or insufficiency. 


In my Institution paper of ten years ago I described a simple 
mechanism called the “Synchronome” switch, which— 


I. Had ample power, but took none of it from the pendulum or 
the escapement which drove it ; 

2. Was perfectly clean and precise in the make and break ; 

3. Gave impulses whose duration was largely dependent upon the 
self-induction of the electro-magnets they had to energise ; 

4. Transmitted sufficient current to operate the dials, or else 
ceased work altogether. 


The illustration from the Fournal of that date is here reproduced as 
Fig. 5. The gravity lever C drives the wheel D, escapement B, and 
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pendulum A in the usual way. When it reaches the contact screw G 
in the armature E the electro-magnet replaces the gravity lever on the 
next tooth of the ratchet. 

In 1904, following Campiche, Palmer, and Lowne, the cscapement 
was dispensed with and the gravity lever was left normally on a catch, 
withdrawn every half-minute by an otherwise idle count.wheel pro- 
pelled by the pendulum. In its latest form it is illustrated in Fig. 6, in 
which the gravity lever C normally rests on catch K. Once every half- 
minute the lever C is let down (in the act of giving an impulse to the 
pendulum A) upon the contact screw in the armature E. Current from 
any available source then passes through the series circuit of dials and 


| 


үү! 
ТАНАН 


Ku 

| li ii 
iMi Mil 
iii 


iti 


Fic. 7. 


m. 
ШШ 


the magnet which attracts the armature E and throws the lever up on 
to its catch again. 

The pendulum releases the switch by means of the r5-toothed 
wheel В', which carries a vane D engaging with the catch К at each 
revolution. ‘The hook B pivoted upon the pendulum A turns this 
wheel once every 30 seconds. At the moment of its release the little 
roller R on the gravity arm C is just above the curved end of the 
pallet J, down which it runs, giving an impulse to the pendulum at 
the moment when it passes through its zero or central position. Thus 
the pendulum is free at all times except in the middle of its swing. 
The setting lever serves to stop the dials when moved from N (normal) 
to R (retard), or to accelerate them when moved to A. The method of 
impelling the pendulum as it passes through its zero position by the 
falling lever is well known in horology as the invention of Sir H. H. S. 
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Cunynghame, K.C.B., being an adaptation of his detached gravity 
escapement with free pendulum made as a mechanical clock in 
1904. 

In addition to the merits of the switch in its old form its two parts 
have a longer range of movement and sail into contact at the speed 
of the moving pendulum; when the current falls below a certain 
predetermined value the pendulum assists the magnet to replace the 
lever C, which action is a valuable indication of impending failure 
of battery, and if the pendulum stops it holds the switch open. 

The dial movements illustrated in Fig. 7 are of the simple recipro- 
cating armature type designed to deal with clock hands of consider- 
able inertia and momentum, and made in five different sizes for clocks 
ranging from 3 in. to 1o ft. diameter. The wheel A has 120rectangular 
teeth and carries the minute hand on its axle. The magnet B attracts 
the armature C mounted on lever D, by which means the click E picks 
up a tooth and the wheel is propelled by spring F. The backstop 
lever G and stops H and I are so arranged that the wheel is locked 
at every point in the cycle of operations, yet can be freed at once 
by raising the lever G. 

The time transmitter of Messrs. Gent & Co., of Leicester, is very 
similar and is illustrated in Fig. 8. The gravity lever N is at the bottom 
with adjustable weight N, and the magnet above. The impulse surface 
R, is near the centre of the pendulum A, and the impulse roller P is 
seen just above it. The pendant armature does not itself make 
contact, but ends at V in a trip lever which pushes lever T carrying 
contact surface S, forward enough to reset the lever N and then allows 
lever T to fall back. I understand, however, that this was not found 
beneficial and that they have since adopted the pure momentum break 
of the “Synchronome” system. The propulsion of the wheel is not 
shown, but it carries pins J, J, which, at the completion of revolution, 
raises the projection K on cranked lever F, centred at H, thereby 
allowing the lever G to ride at a lower level and disengage the 
hook M from the catch O. 

The dial movement of the Gent system is also very similar to that 
illustrated in Fig. 7 in its earlier form ; in fact, most uni-directional 
current systems have now adopted. the electro-magnetic time counter 
described in the 1899 paper. 

From the first inception of the “ Synchronome" system in 1895, the 
dominant idea was to design these dial movements for quick action 
and the switch for slow action, giving the latter both mechanical and 
electrical inertia. The dials are made to work with less current and 
with a contact of shorter duration than is required to operate the 
switch, but it was obviously desirable to measure the extent to which 
the current rate and the duration of the contact exceeded in ordinary 
practice that required by the dials. And it is well to demonstrate in a 
convincing manner how short is the duration of impulse necessary, 
because nothing less than a whole second was previously used, and 
most systems of electric clocks on the Continent and in the United 
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States of America still have impulses whose duration is from fifty to 
one hundred times longer than necessary. 

Thanks to Mr. Duddell's oscillograph, I have now been able to 
investigate the precise nature of the impulses transmitted by the 
* Synchronome " switch and exactly what happens in circuits of elec- 


Fic 8. 


trical impulse dials of varying number and size. The precision of the 
make and break has been demonstrated and compared with the inter- 
mittent nature of the mechanical or relay contacts previously used for 
such purposes. It has also been possible to determine precisely the 
most efficient arrangement of electric time circuits with regard to 
duration of impulses and voltage, and to lay down rules whereby full 
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advantage is taken of the compensatory effects of increased duration 
of impulses consequent upon decline of battery. 

For the purpose of this investigation a “ Synchronome" time trans- 
mitter of the type illustrated in Fig. 6 was used in series with various 
sizes and numbers of dial movements as illustrated in Fig. 7. An 
oscillograph was included in the series circuit so adjusted that a 
deflection of 40 mm. was produced by a current of т ampere. The 
wave-forms were recorded on partially counterbalanced falling photo- 
graphic plates arranged so that the mean speed of the plates was 
тоо cm. per second. The plates were supported on a catch at the 
top of a light-tight slide and fell into a red cloth bag at the bottom. 
The catch was withdrawn by an electromagnet controlled by a contact 
on the pendulum set to operate about a second before the observation, 
the exact time being readily adjustable to allow for such variations as 
differences of weight of the photographic plates. 

Out of a large number of wave-forms recorded, sixteen are selected 
for reproduction, and they will serve to show most of what is to be 
learnt from the investigation. The arrows indicate the direction of the 
fall of the plates past the spot of light from the mirror of the oscillo- 
graph. The base line in each curve is, of course, the photograph of 
the spot before and after deflection. 

No. r is the wave-form of an impulse of the transmitter alone with 
nothing but the oscillograph in circuit, The E.M.F. (three small dry 
cells) was 4'2 volts, and total resistance 9'46 ohms. The full value of 
current, 0'44 ampere, was not reached until o'05 second = 5'sth of a 
second. At ооб of a second as the armature approaches the poles 
of the magnet with considerable velocity the back E.M.F. begins to 
reduce the current, which drops to о'35 ampere when the switch lever 
is thrown off by its momentum. 

The precision of the make is worthy of special notice. It is due 
mainly to the switch arm “sailing” into contact at the speed of the 
moving pendulum. The best speed was determined by experiment, 
and it is easily adjustable by (a) moving the switch vertically up and 
down the pendulum rod, (b) varying the arc of the pendulum, or 
(с) varying the point in the excursion of the pendulum from left 
to right at which contact was made. It is the more remarkable in 
the conditions of low resistance and low voltage where variations 
of contact resistance would make the oscillograph mirror dance if 
any ordinary contact device were used. I have not yet been able 
to determine the precise moment at which the armature begins to 
move, but it seems safe to say that the devotion of the whole of the 
electro-magnetic energy to pulling it into harder contact has something 
to do with the freedom from any trace of intermittency. 

If the gravity arm is allowed to travel into contact too quickly, and 
if the leather buffer is removed from the armature-ficld limiting screw, 
a “bounce” will occur as shown in wave-form No. 2. The preliminary 
false impulse is, of course, insufficient both in current value and in 
duration to affect even the most sensitive dials, but even such trivial 
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intermittency is undesirable, and it is a satisfaction to know that under 
normal conditions it cannot occur. 

The break of all the impulses whose wave-forms are here reproduced 
is practically instantaneous, or at any rate so quick that the photo- 
graphic plate can hardly record it. This is the natural result of the 
armature being stopped dead against the poles of the magnet whilst 
the lever is free to fly off on to its retaining catch. The area enclosed 
by the curve is, of course, the measure of the current consumed. An 
average of 035 ampere х o'066 second = 0:023 coulomb, and that 
X 120 X 24 X 365 4 60 — бо = 6'7 ampere-hours per annum. 

No. 3 is the wave-form of an impulse with one small dial movement 
(as used for a 12-in. clock) in series with the transmitter. One cell was 
added to keep the current rate nearly the same, the figures being 
5'6 volts, 13°62 ohms, and o'41 ampere. The dial has operated on 
o'3 ampere after the circuit has been closed for о'о15 or 4th of a 
second, a fact that is revealed by the back E.M.F. set up on the com- 
pletion of its armature stroke. This clearly proves the unnecessarily 
long duration of the impulse, but when the tension of the steel spring 
of the dial movement was strengthened it required another jth ampere 
and sth of a second to operate it. 

The effect of adding this dial without an extra cell is shown in 
wave-form No. 4,in which the figures are 4'2 volts, 12°62 ohms, and 
0°33 ampere. The current did not rise to the o'3 necessary to work the 
dial until the switch had been closed for o'o4 or sth of a second, 
and the total duration of contact was o'1175 or nearly th of a second. · 
Thus by fixing the current necessary to work the switch at a higher 
value than that required to operate the dials, the former cannot work 
at all without transmitting sufficient energy to operate the latter, the 
same margin for safety being maintained throughout the fallof voltage, 
so that if there is sufficient electrical energy available to work the 
switch, the dials are bound to work. The area enclosed by curve 
No. 4 is 0:036 coulomb = 10:5 ampere-hours per annum, so it is 
obvious that the higher the voltage the less current will be consumed, 
because of the difference in the duration of contact. We see from 
wave-form No. 4 that the switch will operate with j;th ampere less 
than in wave-form No. 5, but takes nearly twice as long to do so. The 
two moving members of the switch travel at half the speed, but the 
distance covered is the same, and the apparatus is so designed that 
the acceleration is still sufficient to effect the break by the momentum 
of the lever, and to throw it on to its catch again with any current just 
more than sufficient to operate the dials. 

In these first four wave-forms the self-induction is small relatively 
to the mechanical inertia of the switch. Consequently the current has 
time to rise to its full value, and in the last one remains at its full value 
for quite a long time (yth of a second) because it is only just sufficient 
for the work. 

Self-induction having been considered an enemy in other systems, 
let us see its effect and why we can now welcome all the electro- 
magnetic inertia that our instruments possess. 
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Wave-form No. 5 is almost the same as No. 1 and should be com- 
pared with it, but with the electromagnet wound to a higher resistance 
to increase the self-induction and the armature field limiting screw 
brought forward (turned in) to reduce the work to be done. The 
transmitter alone is in circuit with the oscillograph, and the figures 
are 4'05 volts, 8°73 ohms, 0°46 ampere. The increased self-induction 
is seen in the slower rise of current, and the switch completes its 
functions, and the circuit is broken again before the current has 
risen to the full value (0'46) which it would have attained if time 
had permitted or the work to be done had required it. The area 
enclosed by the curve is 0'017 coulomb, or 4:97 ampere-hours per 
annum, the less consumption being, of course, due to the fact that the 
gravity arm does not fall so far, and the armature has consequently a 
shorter distance to lift it. 

The next three wave-forms illustrate impulses through circuits of 
(No. 6) twelve small dials, (No. 7) thirty-six small dials, and (No. 8) 
thirty-six small, ten large, and two turret clocks. In each case the 
voltage was increased proportionately so that a uniform current rate of 
0'42 ampere would be developed if the switch remained closed long 
enough. But o'35 ampere being sufficient, and the self-induction of 
the circuit being so considerable that the current increases throughout 
the period of closed contact, the break always occurs at that figure. 
It will be observed that the dials operate at 0:25 ampere, and the effect 
of the added self-induction is clearly seen in the longer time required 
for the current to rise to that value. А circuit of twelve small dials 
takes 0'02 (%5) second, thirty-six take 0:025 (45) second, while 
forty-eight dials, including some larger turret clocks, take nearly 
0°05 (z5) second. 

For the last three wave-forms the armature field limiting screw of 
the switch was backed out in order to ascertain to what extent the 
duration of the contact would be prolonged by increasing the travel in 
company of the two members of the switch, but in wave-form No.9 
this is restored to normal in a circuit comprising twelve small move- 
ments and two large ones, having a total resistance of 6r8 with 
E.M.F. 23 volts, and current 0°37 ampere. The area of the curve 
is 0'012 coulomb = 3:5 ampere-hours per annum. The dials operate 
at 0'25 ampere in 0'045 second, and the switch breaks at 0'27 ampere 
in o'o6 second. The voltage might decline to 16 (a drop of зо per 
cent.) or 26 ohms resistance might be included in the circuit (an 
addition of 42 per cent.) before the magnet would refuse to reset the 
gravity arm. But the duration of the impulse would be two or three 
times as long. 

This compensation for drop of voltage and rise of internal 
resistance of battery is more than we need for securing safe going 
of the dials, but it is most useful as a means of indicating impend- - 
ing failure of battery because the difference in the duration of contact 
is so marked that it can be demonstrated visually or audibly—for 
instance, by means of an electric bell whose hammer is balanced so 
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that it only rings with long contacts. But the most effective battery 
warning is the sudden increase in duration to a whole second which 
occurs when the current is insufficient to operate the switch though 
still enough to work the dials. The switch then remains closed until 
the pendulum on its return swing assists the magnet to replace the 
gravity arm on to its catch. 

A difference of efficiency as between dial and switch of only o'o2 
ampere is rather a small margin. Current is cheap, and we would like 
our switch to remain closed more than о'ої5 second longer than the 


>» 


м З 
5 


м ооф б 


No. 13. 


dials in case one of the latter has had its spring left unnecessarily 
strong by a careless workman, so we backed out the armature field 
limiting screw again one revolution (0'024 in.), with the result (shown 
in wave-form No. то) that the duration is increased by 485 second 
and the current by 0:05 ampere. 

The tension of the springs of all the dial movements were then 
considerably increased. As will be seen in wave-form No. 11, they 
require 03 ampere to operate them, a current rate which is not 
attained until the circuit has been closed for o'o8 of a second. 

The effect of increasing the tension of the armature tail-spring by 
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three revolutions of its screw (0'072 in.) is shown in wave-form No. 12 
to increase the margin by 44s of a second. 

That the inertia of the dial armatures cannot be ignored is demon- 
strated in wave-form No. 13, in which the circuit comprises the switch 
and twelve small dials as in curve No. 6, but the current is taken from 
the lighting mains at 204 volts with a 32-c.p. 200-volt carbon filament 
lamp in series. The beginning of the curve is steep owing to the 
voltage being high and the self-induction trivial compared with the 
non-inductive lamp resistance. Though these dials will work on 
o'25 ampere if they have 0'02 of a second to do it in, the current has to 


rise to above 0:3 to accomplish the work in half the time, and any 
attempt to work them more quickly would involve a much higher 
voltage, and it would be undesirable on account of the noisy action of 
the dials that it would cause. On this ground also self-induction is 
welcomed, and one of the reasons for arranging time-circuits in series 
is that we may have its sum. It will be noticed that the curve rises in 
a straight line from 0'35 to o4. This is duc to the lamp filament 
warming up and reducing its resistance. If the switch had not then 
had enough it would rise to 5'8 amperes, and when lighting mains are 
used the lamp selected should have a filament of such resistance that 
the dials operate in that rise. 
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We can now lay down some general rules which will be applicable 
to all time circuits controlled by a * Synchronome " switch. 

The switch magnet should be wound with that number of turns 
which will just fail to enable it to work on the current rate which will 
work the dials. 

The mass of the two moving members of the switch and their 
travel in company must be sufficient to endow it with the ordinary 
qualities of a reliable switch, yet small enough to enable the break to 
occur very shortly after the dials have operated within the time 
constant of the circuit, and before the current has risen to its full 
value. 

If this is done full benefit will be obtained from the compensatory - 
action, which is of such value when primary cells are used asthe source 
of supply. 4 

The voltage should be well above that required to produce the 
current rate necessary to operate the switch. The only objection to 
excess is noise, and the more you have the greater is the margin of 
safety and the less is the consumption of current. 

А bad spark at the break is shown in wave-form No. 14 with all 
dials in circuit. No. 15 shows the effect of shunting the magnets with 
a non-inductive resistance, and No. 16 shows the effect of shunting the 
contact with a condenser of 13 microfarad capacity. The rebound of 
the latter should be useful to dispel residual magnetism. It can be 
safely used because its value in time and current is altogether too 
small to amount to a false impulse. 

It should be noted that all the variations in the stroke of the 
armature carried out for the purpose of investigating their effect upon 
the electrical impulses had no appreciable effect upon the timekeeping 
of the pendulum. The weight of the gravity arm is r4 grammes, 
and its normal fall is 4°75 mm. x 120 X 24 X 7 = 134064 kilogram- 
meters = 97 ft.-lbs. per week. This is sufficient to keep a seconds 
pendulum with 12-lb. bob vibrating with an arc of 14° on each side of 
zero. We varied the fall of the gravity arm by about 12 per cent., and 
in doing so we varied the amplitude of the vibrations of the pendulum 
accordingly, but only within limits in which the effect of the circular 
error is practically negligible, and the impulse is concentrated as far as 
possible at zero, whilst at the same time vibration is avoided by curving 
the impulse pallet instead of making it a straight slope at an angle of 
45°. The idea is that the impulse shall begin with extreme gentleness, 
increase rapidly to a maximum at zero, and diminish in identical ratio. 

Fig. 9 shows a curve of mechanical force in which the base line А Е 
is assumed to represent the path of the pendulum, a distance of ł in. at 
a point 13 in. below its suspension. From A to B the pendulum swings 
in free air and touches nothing. It then moves the wheel, and on the 
occasion of its fifteenth excursion from left to right it also accomplishes 
the release. It performs these functions when its velocity is almost at 
its highest and its kinetic energy also its greatest. The impulse now 
begins, gently at first, but with rapidly incrcasing force, the vertical 
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elevation of any point on the curve being the measure of the horizontal 
driving force at that point of the pendulum's path. At C, when 
the pendulum has arrived at zero it is at its maximum ; after that the 
impulse declines in strength until it dies away altogether at D, the 
whole operation having taken place in a space of +} in., being one-quarter 
of the total travel of the pendulum and a period of one-eighth of a 
second. The curve GF above gives us the shape of the pallet required, 
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and is mathematically produced from the force curve ; for as the angle 
of inclination of the impulse surface alters, so also does the resultant 
horizontal thrust. 

We have seen that the smallest curve illustrated has an area of 
o’o12 coulomb = 3:5 ampere-hours per annum, and the largest about 
0'36 coulomb = 10'5 ampere-hours per annum, and that they can be 
greatly reduced if desired without fear of the break occurring before 
the dials have had enough current. At 1-volt drop per dial, which is 
ample for all ordinary sizes for interior use, the consumption of current 
should not be more than 3:5 watt-hours per dial per annum, this low 
figure being due to the small contact time factor of only ten hours per 
annum. Now if we are using a primary battery we cannot hope to get 
out of it any reasonable amount of energy during its natural life if we 
have only ten hours in the year in which to doit. We have seen the 
great advantages of arranging time-circuits in series, and it is imprac- 
ticable to increase the discharge rate much further ; consequently we 
shall not achieve much economy by shortening the impulses, nor is it 
particularly desirable. It is true that 1 watt-hour (equivalent to 
2,654 ft.-Ibs.) should be ample to run a clock of this size for twelve 
months, and that a good dry cell is capable of yielding, say, 100 watt- 
hours on a suitable load in a suitable time, and should therefore run, 
say, 33 clocks for three years. It cannot do so because the energy it 
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contains, though sufficient in measured units, is not in a form suitable 
for expenditure on the work in hand. No such degree of efficiency is 
possible in any system which uses current for so short a period, yet the 
balance of convenience in other respects is entirely in their favour. 
Brief mention should be made of two more systems which have 
appeared since 1905—Bowell's and Murday's. The vibrations of the 
pendulums of the master clocks in each of these systems are main- 
tained by the Foucault-Hipp electric “ Butterfly" escapement illus- 


trated in Fig. то. The little trailer A pivoted freely on the pendulum 
P swings clear of the notch in the block B until the arc falls to a certain 
predetermined minimum, when it jams in the notch and presses the two 
counterbalanced levers together, making a reliable contact and causing 
the magnet below the pendulum bob to restore the arc. 

In both systems a count-wheel is used to select the semi-vibration 
at each half-minute when contact shall be made for the operation of 
the dials. 


In G. B. Bowell's system (made by the Silent Electric Clock Com- 
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pany) the pendulum charges into contact springs at the end of its 
swing, making a comparatively long contact to operate dial movements 
with rotary armatures in a permanent magnetic field. 

In T. J. Murday's system (made by the Reason Manufacturing Com- 
pany, Ltd.) the contact is a passing one made at zero, and the dial 
movements have reciprocating armatures pivoted between the poles. 

For twenty-five years Mr. Murday has been the principal exponent 
of the Hipp Butterfly escapement in this country, and had made many 
useful and original applications of it. In Igor, with the Standard Time 
Company, Ltd., he applied it to the heavy pendulums of turret clocks 
with perfect success and inaugurated a method of turret clock driving 
which has a great future before it. 

Looked upon simply as a method of conversion of electrical energy, 
this is probably the most efficient motor ever designed, and it must be 


FIG. II. 


remembered that, unlike ordinary motors, it is at its greatest efficiency 
when working at its slowest speed, rotating its driving wheel at the 
rate of, say, 1 rev. per minute. "There is no theoretical limit to the 
amount of power which may be developed by this means, and it 
increases the frequency of its impulses automatically in exact pro- 
portion to their lack of strength and in proportion to the work 
demanded of it. 

By the addition of a third contact lever below the other two the 
Standard Time Company provide an alternative source of electrical 
energy which comes into operation if the first one fails. Gents, of 
Leicester, have recently introduced a simple means of bringing a 
Hipp-driven clock under the control of a half-minute time circuit, 
similar in principle to that used by the Standard Time Company 
for synchronising it. It is illustrated in Fig. 11. In vibrating 
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the pendulum pulls round the wheel E by means of the hook-shaped 
pawl A. The length of the pendulum or the number of teeth on the 
wheel E are so arranged that the hands of the clock are advanced 
half a minute in about 27 seconds by means of this gathering 
pallet A. A pin F in the wheel E then lifts the control lever C and : 
disconnects the pawl A by lifting it out of the wheel E and allowing 
the pendulum to oscillate idly. When the half-minute time-circuit 
impulse energises magnet D, the arm C, of lever C is released and the 
pendulum again drives the hands as before. 

There may be some limit as to the size of a turret clock which can 
be dealt with by this method, and I offer a constantly running motor 
controlled by a “chaser” switch as being suitable for the “ Big Bens” 
of the future. | 

A motor with a double-worm reduction gear, reducing the speed 
from, say, 1,800 revs. per minute to 1 revolution in 54 minutes, 
carries a disc rheostat on its slow-moving axle. A switch arm mounted 
freely on this axle is driven by an electrical impulse dial movement in 
a standard time-circuit of half-minute periodicity on 'to the contact 
studs, cutting out resistance in the motor or armature field. These 
resistances are so proportioned that the- motor is constantly running 
at a speed dictated by the half-minute, progression of the chaser switch. 

Existing turret clocks may be relieved of their dangerous and 
cumbersome driving weights and the necessity of winding them (which 
often has to be done daily) by means of small rotary motors. The 
Huyghens endless chain is admirably adapted for the purpose of 
connecting a motor to the “ going" train of any ordinary turret clock. 
All that is wanted is bicycle gear-wheels and chain supporting a small 
weight which switches the motor in at the bottom of its fall and out at 
the top. Bell hammers may be directly driven without theintermediary 
of any remonloir. 

It is satisfactory to note a recent tendency to more enlightened 
inventive work in this field—really progressive improvement based 
upon such of the work of other inventors as has been proved to be 
sound. 

The experience of the last ten years has shown that the principles 
then formulated before this Institution are necessary to the success 
of any system of electrical impulse dials with simple movements for 
operation by uni-directional currents. The most important of those 
principles were the transmission of energy through the surfaces of the 
contact and taking it from the electromagnet instead of from the clock 
or its pendulum ; the immense economy of current and the certainty of 
its sufficiency obtained by short duration contacts dictated by the 
self-induction of the whole system ; and the momentum stop in the dial 
movement. 

Since then the application of Sir Henry Cunynghame's free 
detached gravity arm and the extended range of battery warning 
given by the pendulum's assistance to the magnet in resetting the 
switch have given a great impetus to electric time service. 
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Circuits of electrical impulse dials will always take the premier 
position as the most generally useful application of electricity to 
horology because that method is the most simple and direct means 
of attaining absolute uniform time with a high degree of accuracy. 
Now that we have succeeded after so long a fight in breaking 
down the prejudice aroused by the failures of so many systems, let 
‚ште urge manufacturers and contractors not to kill the goose that 
lays the golden egg by cutting prices and by putting in electric-bell 
wiring. 

I have always claimed for electric time service a position as a 
reputable branch of our profession, and I can do so with more con- 
fidence now, thanks to the enterprise of other firms who have taken 
up the business of electric clocks and the healthy competition which 
has resulted. | 


ADDENDUM. 


(From Informalion supplied by various Makers.) 
THE ARON ELECTRICITY METER COMPANY, LTD. 


The chief electric clocks manufactured by this company are the 
self-contained and the synchronised clocks, the latter consisting of 
one master clock and several sub-clocks or dials. The self-con- 
tained clocks and the master clocks may be perhaps more correctly 
described as “ electrically wound " than *' electric," for, except in so far 
as the winding is performed electrically, they are identical with the 
familiar hand-wound clock. The electrical winding is effected by 
means of a special winding gear which can be arranged to work off 
any supply, from, say, a single dry cell up to the. highest power or 
lighting circuit, whether direct or alternating current. The author's 
description of the self-winding action on page 52 is correct, but 
Fig. 12 should be substituted for his Fig. 2, because it shows a later 
pattern of armature B and spring C. The reference letters are the 
same, and the action will be easily understood. The self-winding 
occurs about every 10 minutes and occupies only a fraction of a 
second, being practically instantaneous. By means of suitable ratchet 
wheels and clicks the centre arbor can only rotate in an anti-clockwise 
direction, that is, with the unwinding of the main power spring. It is 
to be specially noted that the making and the breaking of contact take 
place at different points on the pin as well as on the plate, the pin 
always rolling along the platejthus ensuring a clean contact. The Aron 
master clock for driving sub-clocks does not depart from the standard 
clock mechanism, as the alterations of the vital parts of the clock, 
attempted by various electric clock-makers, have proved to be failures ; 
this is hardly remarkable, considering the high state of efficiency to 
which timepieces have been brought during many hundred years of 
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development. Ап ordinary regulator pattern clock is employed with 
additional gearing for actuating the contact arrangement. "The clock 
and this contact gearing are connected to a differential gear which is 
driven by the above described winding gear. 

Fig. 13 is a diagrammatic representation of a master and sub- 
clock circuit. Asthe author says, this system works on the polarised 
“receiver ” principle. The flow of current in the master clock trans- 
mitter has therefore to be reversed every time the receiving dials are 
pushed forward. For this purpose the contact segment (5) is geared 
to a fan escapement which is actuated in a similar manner to that of a 
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FIG. 12. 


striking mechanism. Atregular intervals the fan escapement is released, 
which results in the revolving of the contact segment one-half of а 
revolution in a clockwise direction when it again comes to rest, this 
operation taking about 1 second. In making this half revolution it will be 
seen that the segment first lifts the brush (8), breaking contact between 
(8) and (6), and then makes contact with this brush, sending an impulse 
through the dials or sub-clocks, the return circuit being easily followed 
by reference to the diagram. Оп rotating further the contact with the 
brush will be broken, and the segment comes to rest in the dotted 
position shown in the Fig., where it will remain until it is again released. 
It will then again rotate half a revolution in the same direction, first 
lifting and breaking contact between (9) and (7), and then making con- 
tact with (9) sending an impulse in the reverse direction through the 
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sub-clocks, afterwards breaking circuit and coming to rest in its 
original position. Here again, as in the winding gear, contact is made 
at a different point from that of the break (make at ro, roa, break at 
її, IIa), thereby ensuring always a clean contact. The receiving 
dial has a U-shaped electromagnet to which is fixed a permanent 
magnet, the one pole (12) being near the fulcrum of the soft iron 
anchor (13). By reversing the current in the electromagnet the 
anchor is rocked to and fro. The pins fixed at the ends of the anchor 
engage into and drive the escapement wheel (14), the teeth of which: 
are so shaped that at the end of each stroke the wheel is perfectly 
locked. From the escapement wheel motion is transmitted to the 
minute and jhour hands of the dial in the usual manner. For large 
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installations several secondary master clocks are employed, and they 
are regulated periodically to a second by one master clock which can 
be synchronised to Greenwich time. As a general rule, the master and 
the sub-clocks are driven from dry batteries with the sub-clocks in 
parallel, but if desired they can also be constructed for any direct- 
current voltage. 


GENT & COMPANY, LTD. 


The pattern of Gent & Co.’s master clock or transmitter described 
by the author, and shown at Fig. 8, page 62, is only employed by the 
makers when a centre seconds transmitter is desired. 

The pattern more generally installed is shown at Fig. 14, in which 
the same principles are retained but the seconds indication and 
the subsidiary contact trip lever are dispensed with. The modifi- 
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cations will be readily understood by reference to Fig. 14, and the 
action is similar to that described in respect to Fig. 8, except that when 
the release of the gravity arm is accomplished by the pendulum on its 
swing to the right, the roller falls on the dead face of the pallet and 
gives the impulse by rolling down the inclined surface during the 
return swing of the pendulum to the left. 

Our warning bell is shown in Fig. 15. It is silent so long as the 
duration of the contact is normal, but on the duration being lengthened 
by the action of the pendulum assisting the gravity lever as above 


- - 


«(i 


Е 
i 
CA 6 


nocd ti (о) 
le 
Jai 


FIG. I4. 


described, it sounds one blow at each half-minute. Its mechanism is 
very simple. It consists, as will be seen, of an electrically operated 
swinging counterpoised hammer containing sufficient inertia to prevent 
its operation with impulses of short duration, while permitting its 
operation with impulses of long duration. 

Locked Impulse Movements.—Illustrating the advance made in move- 
ments of this class it may be pointed out that ordinary locked 
movements as illustrated by the author are liable to jamb when forward 
pressure is applied to the minute hand, such as for instance by wind, 
due to the vice-like grip exerted on to the driving pawl by the engaged 
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tooth of the wheel on the one side and the fixed stop on the other. 
To obviate this defect Gent & Co. have introduced a series of move- 
ments in which the action is locked on the principle shown in Fig. 16. 
In this movement the stop of the driving pawl moves back with it on 
being withdrawn from the tooth, thus obviating the vice-like grip. 
The action of this movement is as follows : While the click U is 
being drawn along the face of the tooth which it engages, the wheel V 
remains locked by reason of the armature lever carrying the driving 
click being pivoted at right angles to the tooth's face. On the click 
falling and engaging the next tooth, the roller W holds the back- 
stop click X in engagement with the wheel, and its curved extension 
permits the backstop click to rise only as the forward movement of the 
tooth which it engages demands. A number of these movements are 
in operation driving the exposed hands of turret clocks in exposed 
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positions and are unaffected by wind and storm. These movements 
are also employed for operating workmen's check clocks. 

Turret Clock “Waiting Train" Type.— The pendulum similar to 
Fig. тї is not a timekeeper, but simply an oscillating motor, and its 
duty is to pull round an escape wheel E, by means of the hook. 
shaped pawl A, tooth by tooth. The arbor of the escape wheel E 
carries a worm which drives a wheel, and which can be geared into 
four hand spindles for a four-faced clock, or one for a one-faced clock, 
as may be desired. 

On the vibrations of the pendulum falling to a certain minimum 
value a Hipp-contact device closes a local battery circuit, and an'electró- 
magnet mechanically re-energises the pendulum. This mechanical 
re-energisation is distinct as from the usual magnetic re-energisation 
communicated to a pendulum fitted with the standard form of Hipp- 
contact. This re-energisation is conveniently communicated to the 
pendulum, and takes place in direct proportion to the work to be done. 
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Under normal working conditions, re-energisation takes place about 
once per minute, but on heavy work being thrown on to the movement 
due to resistance of wind pressure on the hands the pendulum becomes 
energised more often ; each complete vibration if necessary. On being 
energised at each complete vibration the motor then develops fifty times 
its normal power, and it is impossible to stop the movement by hand, 
even when exerting one's full power on to the work wheel. A number 
of these movements are in operation driving large turret clocks having 
dials of various sizes, one clock having four dials each ro ft. in 
diameter which are driven by one movement only. The action of the 
control has been ably described by the author on page 74. 

The “waiting train" system of half-minute control obviates the 
necessity of any separate controlling device or circuit, the magnet D 
of the control relay being placed in the impulse circuit just as an 
ordinary dial movement. 


Fic. 17. 


Electrical Distribution of Time over Large Areas.—1n many installations 
of electric clocks it is undesirable to arrange the whole of the clocks in 
one series circuit when the number of clocks is large or when the circuit 
contains overhead risks. A better method is to arrange the clocks in 
groups, each group being driven by a separate transmitter or master 
clock. In order, however, that the time may be nevertheless uniform 
the separate transmitters are all controlled by a master or prime trans- 
mitter in the following manner :— 

It is arranged that the prime transmitter sends hourly controlling 
impulses to each of the separate or sub-transmitters which impulses 
operate automatic regulators which are connected to the pendulums of 
such transmitters. These regulators automatically move a regulating 
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weight up the pendulum rod if the transmitter at the hourly impulse is 
found to be slow, and down if found to be fast, and further the weight 
will even take up a new position when required by changes in the con- 
dition of oil or by other disturbing influences, a distinctive feature being 
that the regulator will find its correct or required position, and will 
remain there until an alteration in the rate of the pendulum again takes 
place. It will be seen that this system of time distribution known as the 
Ball-Parsons is not a system of setting or temporary correction but a 
system of automatic regulation, one of the many advantages being that 
in the event of, say, an overhead wire becoming disconnected by 
storm the sub-transmitter and group affected by the disconnection 
would have been regulated up to the last hour and would keep uni- 
form time with the other groups for along period in the absence of the 
control, and on again being brought under control, its accumulated 
error, if any, would become automatically corrected. 

Fig. 17 shows diagrammatically an arrangement of the control. The 
magnet A on receiving an hourly impulse pulls down the armature B 
and with it the feeler C on the point D, which is rotated by the sub- 
transmitter and which should be perpendicular at each hour. On the 
feeler C finding the pointer D slow its lower end becomes tilted to 
the right and its upper end to the left and the pawl E then engages 
the ratchet- wheel F, which winds the regulator H up the pendulum rod. 
This action would be repeated at each hour until the sub-transmitter is 
brought up to time.. The reverse action will then take place, and after 
one or two oscillations of the regulator H it will finally be left in the 
required position. So long as the sub-transmitter is indicating correct 
time, the notch C, of the feeler C engages the point D and no regu- 
lating action takes place. 


THE REASON MANUFACTURING COMPANY, LTD. 


The contact applied to the intermittent driven pendulum and com- 
mended by the author as being made at the zero position is illustrated 
in Fig. 18, which shows a light brass fitting clamped on the pendulum 
rod. This fitting carries a substantial cylindrical silver pin, which 
passes, at every swing of the pendulum through the vertical, between 
two similar pins fixed on the ends of two flat German silver springs. 
By means of adjusting screws a greater or less tension may be given 
to the springs. An ebonite knob acts as a distance-piece and prevents 
the pins from touching each other. It will be understood that the pin 
on the pendulum, as it forces its way between the spring pins, com- 
pletes the electric circuit for a fraction of a second ; while at the same 
time the mechanical rub between the cylindrical surfaces serves to 
keep the contact bright and clean. A threaded brass pillar, secured to 
a brass base plate, carries the ebonite block to which the German 
silver springs are attached. By means of back and front clamping 
nuts this block may be adjusted to any position of the pillar, so as to 
ensure the silver pins lying exactly in the line of the pin which is 
carried by the pendulum. The hest position for this contact is about 
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one-fifth the total length of pendulum from the suspension point. The 
further down the rod it is fixed the shorter will be the duration of the 
contact and vice versa. А duration of about зу of a second is most 
suitable for driving the mechanism of the secondary dials. The 
magnet of the centre seconds dial designed specially for work of 
this class is wound to a resistance of about 80 or 100 ohms, and works 
efficiently with a current of о'03 ampere. Dry cells or small accumu- 
lators will run the circuit continuously for many months at a time 
without renewal or recharging. The whole fitting is designed so 
as to be easily attached to any regulator without necessitating the 
taking down of the pendulum—one part being simply clamped to 
the pendulum rod by two screws and the other part screwed to 
the back of the regulator case. 


FIG. 18. 


The New Balance Wheel Electric Clock.—'This consists of а large 
and heavy balance wheel electrically operated on a somewhat similar 
principle to the pendulum in the clocks already described. The balance 
wheel drives tlie wheel train—not vice versá, as in a spring-driven clock 
or watch. When the arc of oscillation falls to a certain fixed minimum 
the electric circuit is automatically closed and fresh energy is imparted 
to the balance wheel by the action of an electromagnet and armature 
sufficient to keep it vibrating for an interval of about two minutes—more 
or less according to the condition and strength of the battery. As with 
the pendulum operated on this intermittent method, the time-kceping 
is practically independent of variation in battery power. ‘The balance 
wheel is made of a special nickel steel alloy which is unaffected by 
changes of temperature, and thus does away with the complicated con- 
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struction of acompensated wheel rim. The hardened steel pivots of the 
balance wheel staff or arbor are running in large sapphire cups, the 
friction being almost nil. A regulator arm is provided which acts on the 
giant controlling hairspring exactly as in a watch. By means of a roller 
attached to the upper part of the staff a lever is made to operate the 
wheel train at every oscillation of the balance wheel. This action is 
particularly safe and almost silent. 


THE MAGNETA TIME SERVICE CoMPANY, LTD. 


As the magneta time system is fundamentally different from other 
forms of electric clocks, and because it constitutes a method of 
working which has not previously been laid before the Institution, 
some of the chief characteristics which are only lightly touched upon 
in Mr. Hope-Jones’s paper are here amplified. 

The magneta master clock may be regarded as a dual piece of 
mechanism, wherein the two component parts for time measuring and 
electric impulse generating respectively are rigidly mounted on one 
plate or frame and constitute a self-contained controller. In the 
magneta controller the pendulum is left free to exercise its function 
of time measuring without encumbering it with contact making. 
Moreover, following the practice of observatory clocks, it is weight 
driven, and thus kept in uniform oscillation ; the best conditions for 
precision of time measurement are thus secured. On this, therefore, 
as a basis, the electric part of the system is developed. 

The electric impulses being mechanically generated are always of 
precisely equal value, and no outside source of current of any kind is 
resorted to. These induced currents are set up in a closed ring, 
thereby abolishing contact points. The inductor resistance is con- 
siderable, so that line resistance, even although it may represent many 
miles, is negligible. The system of secondary clocks is run in simple 
series, and small dials of a few inches in diameter up to large ones of 
many feet are in the same circuit. In installations consisting of several 
hundred dials it is convenient to divide the inductor into sections, each 
section being connected to a group of dials in the various portions of 
the district or building to be served. 

As regards space occupied, the electric part of the controller 
practically does not add to the size of the clock; for example, a 
magneta controller with a case of the ordinary upright design having 
a cross-section of about 16 in. by то in. is a type capable of actuating 
from 80 to roo dials. Few separate buildings require more than this ; 
but master clocks are made up to any capacity. It is an important 
point in general use that the secondary dials are not affected either 
by vibration or the nearness of generators or mains carrying large 
currents. These conditions are both present at the Royal Mint, which 
was one of the first buildings in London to be installed with the 
magneta system, and the result has been absolute precision in working 
from the day it was erected. 
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As regards transformations of energy, the magneta system of 
working has an exact parallel in a generating station feeding motors 
over a network; and in any special cases where required electric 
winding of the master clock can be added, for the efficiency of an 
electric time system is not based on the consumption of current, 
which, as pointed out, is so small as to be negligible. 


DISCUSSION. 


Mr. H. R. KEMPE: The author in the opening portion of his 
paper has referred to the efforts made in the past by Ritchie and 


others. To Mr. Ritchie, however, is certainly due the honour of being 


the pioneer of electric clock systems. One of the causes of failure 
of electric clocks up to the last few years has undoubtedly been 
the difficulty of maintaining batteries, and probably the success which 
has now been achieved is largely due to the invention of the Leclanché 
battery (the salvation of the domestic bell system). I have mentioned 
Mr. Ritchie as being the pioneer, but I must say, and I think with 


. authority, that by no man have electric clocks been brought to such 


perfection as they have been by Mr. Норе-Јопеѕ. The author 
states on page 5o of the paper that nothing of importance in syn- 
chronisation has been achieved since he first referred to the matter 


. ten years ago. The Post Office does not as a rule advertise, but 


I may say that it has done a very large amount of synchronisation in 
the last year or two, and is continuing to do so. Our chief reason 
for synchronising in preference to adopting electrically driven clocks 


."is because we have a very large number of clocks in various offices, 


which it would hardly be economical to scrap for the purpose of 
putting in electric dials. The synchronisation system adopted is 
extremely simple, costs little, and so far, has answered perfectly. In 
comparing synchronised with electrically driven clocks, it must be 


borne in mind that in the latter the hand moves every half-minute or 


every minute, whereas in the case of a spring or weight-driven clock 
the hand is continually going, and to set a watch it is only necessary 
to compare it with the hands of the clock. In an electric clock one 


has to wait till an impulse comes, and one is not certain whether it 


is the commencement or termination of the minute. 
The necessity of keeping contacts clean is an extremely important 


point, having a very great bearing upon the success of electric clocks. 


Now Mr. Hope-Jones has casually alluded to the use of non-inductive 


shunts, but I think we ought to make more of that point. It is really 
| extraordinary that although non-inductive shunts have been largely 


used in telegraphy for years, with only one or two exceptions, 


the manufacturers of electric clocks do not seem to have heard of 


them. A non-inductive shunt applied to a magnet completely ex- 
tinguishes the spark, and contacts will work for a very long period 
without the slightest trace of oxidation. On page 54 the author 
referred to the trouble which a system sometimes undergoes owing 
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to the lack of expert handling. There is no doubt but that is a very 
important point. No matter how expert a mechanic may be, if he is put 
on work to which he is not accustomed, the chances are that when he 
tries to put a bit of mechanism right he does exactly the reverse. 


It seems therefore that in all mechanism of the kind it is extremely 
important that the adjustments should be as few as possible. It is 


often the custom to put in an adjusting screw here and there, with the 
notion that it renders the adjustment of the clock and keeping of it 


in good order very much easier. In most cases it has exactly the 


reverse effect. A mechanic who is put on to a clock which he does 
not understand will interfere first with one screw and then with another 
with disastrous results. If a clock is properly constructed and the 
frame is made firm, many of the adjustments might be absolutely 
permanent. I would go so far as to allow a workshop adjustment, but 
when an instrument is once.put right in the workshop the adjustment 
should be firmly fixed. Even the application of the soldering iron 
would be an advantage, so that when the uneducated mechanic is 
employed he cannot possibly put the clock wrong. The author has 
referred to a system devised by Wheatstone in 1845, which was used 
in the Houses of Parliament and the Royal Institution of Great Britain. 
As a matter of fact, I was engaged by the British Telegraph Manu- 
factory, which was started by Sir Charles Wheatstone in 1870, which is 
the period when the particular clocks to which Mr. Hope-Jones refers 
were introduced. It is true that Wheatstone did bring out a clock in 
1845, but the particular clocks to which Mr. Hope-Jones refers were 
brought out in 1870. There is a point about the Wheatstone system 
which is interesting, in that it was the only system in which the hands 
were kept rotating with a continuous movement and not by impulses. 
The system answered fairly well, but failed because the wiring was 
badly done, and the maintaining power was not sufficiently great. 
It had one great defect in that if by any chance one of the clocks 
stopped it was not self-starting; it had to be started by hand. The 
system was one of the prettiest ever invented, but was probably 
brought out before its time. Оп page 57, item 4, the author refers to 
the amount of current which may be used in clocks. I think a great 
deal too much stress may be placed on current consumption. The 
cost of current necessary to drive an installation of about 1oo clocks 
may amount to 2s. 6d. per annum, or it may be brought down to 6d. 
which is one-fifth of 2s. 6d. In either case I hardly think the amount 
would be worth considering. But it is quite possible that a reduction 
of that kind may involve a capital expenditure, the interest on which 
is greater than the amount saved. For instance, an arrangement 
which costs £10 will represent at 4 per cent. an annual interest charge 
of 8s. ; and therefore, if the annual cost for current consumption is 
reduced from 2s. 6d. to 6d. at a cost of £10 or at an annual cost of 8s., 
itis hardly worth while to make the change. 

Mr. A. C. BRowN : I suggest in regard to the dial that it is quite 
possible, in fact it has been done, to dispense with the second or locking 
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click, and with the consequent amount of adjustment that is required 
when itis used. I have a number of dials running in that way, and 
the inertia of the hands is ample to prevent the recoiling of the wheel 
when the driving click is pulled up. A gentle steadying spring friction 
is applied to the side of the toothed wheel, but with that they run with 
a current of 75 milliamperes as against the 350 to 400 milliamperes 
required by the double click dials described this evening, and they have 


worked for five years without tripping. I will now pass to a much 


more important subject—the pendulum. My principal object in speak- 
ing to-night is to try and induce makers of electrical time systems not 
to perpetuate that fearful blunder that has been made by good class 
clock-makers of the mechanicaltype up tothe present. I appealto them 
to get rid of the three degree arc, that fearful relic of barbarity. I know 
the three degree arc is the conventional thing ; that is to say, it is con- 
sidered right to keep the pendulum to a very low, and consequently 
feeble, arc of oscillation. I know also, of course, that at that arc the 
circular path which the pendulum describes is, as we are told by 
mathematicians (who I am afraid have left a large practical part of the 
subject uninvestigated) more nearly coincident with the cycloidal 
path which a free pendulum should traverse, and, therefore, that the 
pendulum may at that amplitude vary its arc more for a given variation 
of time than it can at the higher amplitude. But notwithstanding 
that, we know very well in clock-making that a clock keeps better 
time when it “kicks out well," that is to say, when its pendulum's arc . 
of oscillation is very much more'than the conventional three degrees. 
The fact is the mathematicians have in this as in many other instances . 
only told us half the truth. The investigations on circular error have 
been based on properties of free pendulums only, with which we are 
little concerned, because we shall never get one available for clock- 
timing purposes—even the pulling round of a light counting wheel 
alters the conditions entirely—but what we are concerned with is how 


. to put power into an oscillating mass to maintain its oscillation against 


resistances—very small but ever present—and to prevent both the 
putting in of that power and the overcoming of those resistances (for 
one is as important as the other) from affecting the time rate of the 
pendulum or vibrator. For this purpose we want all the circular error 
we can get, and at most practicable amplitudes could do with a 
little more of it. Lord Grimthorpe found that a pendulum with an 
almost perfect cycloidal motion—which can fairly easily be done— 
caused a good clock to which it was attached to keep very bad time, 
because an infinitesimal variation either in the driving power or in the 
resistance to be overcome affects the rate more than the circular error 
due to the variations of arc at ordinary amplitudes, and is always 
opposite in sign, so that the circular error at ordinary amplitudes is · 
actually useful in counteracting the escapement errors. The great 
advantage of a long arc, however, lies in the much greater store of 
energy then contained in a bob of given weight, and the consequent 
relative unimportance of given variations in either power or resistance. 


1910. ] TIME SERVICE: DISCUSSION 87 


It is necessary to take this into consideration, because ordinary clocks, 
which are competitors to the electrical system, do keep very good time 
—Iam not speaking of American clocks, but ordinary dials such as 
the one on the wall. There are ordinary clocks with quite ordinary 
short pendulums hung on without any particular care, having not much 
weight in their bobs, and being g in. in length only instead of the 39 in. 
or 40 in. of Mr. Hope-Jones’s pendulums, and yet with all that roughness 
they will keep time to within a few seconds a week. Why is that? I 
believe it is simply because the ordinary clock-makers take advantage 
of a very good phenomenon of controlled pendulums, and use a 
long arc, wherein the pendulum is strongly, vigorously, and robustly 
isochronous, that is to say, it will not be pushed out of its time rate 
nearly so much for given variations of power or resistance. We go 
into all kinds of extremes to make the putting in of the power to the 
pendulum constant, but we cancel a very great deal of the advantage 
we gain in that way by swinging the pendulum in the short arc where 
its isochronism is feeble, and wherein it can be put out of time by a 
very little variation of force. I have been brought up among pendulums 
for the last thirty years, pendulums made specially for synchronous 
telegraph signalling among other things, and also for time-work, and 
have had occasion to find how very little force will suffice to upset the 
rate of a pendulum, unless that pendulum has a good robust store of 
energy in itself, and I therefore appeal at the outset to the makers of 
all electrical systems to abandon the conventions, and to give their 
pendulums a good long swing. I think they will find by that means 
they will get a very much greater actual accuracy of time-keeping than 
they can possibly get by a low swing wherein the isochronism of the 
pendulum is feeble, and increased accuracy of time-keeping is the 
principal thing wherein an electrical system stands to gain over the 
ordinary individual mechanically wound clocks. There are other points 
in regard to pendulums I should like to touch upon, especially the 
means of taking out surplus power. Itisafactthat with all pendulums, 
even the Synchronome, we put in a great deal too much power and have 
totake itoutagain. Pendulums require very little power indeed simply 
to keep them swinging, it is the accessories that absorb the energy 
As showing how very far removed from a free pendulum is even the 
best of practical pendulums, and the great relative effect of apparently 
small frictional resistances such as the pulling round by a gathering 
click of a light counting wheel, it has been calculated that to overcome 
the aerial resistance alone to the swinging of an ordinary fairly heavy 
seconds pendulum a single foot-pound of energy would suffice for over 
a month, whereas the best of driving appliances, such as Mr. Hope- 
Jones's gravity driver (considering the roller to fall through even a 
quarter of an inch with a pressure equal to the weight of one ounce 
every half-minute) puts in something like a foot-pound every seven 
hours, or about roo times too much, the difference being expended on 
the frictional resistance of the counting click and the driving gear, and 
this with one of the very best of modern arrangements. "This shows 
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Mr. Brown. what a large proportion of the total energy is absorbed by accessories, 
and how largely little variations in the friction of those accessories, as 
from varying viscosity of oil and the like, must affect the proportion of 
power actually given to the pendulum itself. Pendulums, in fact, like 
men, “ want but little here below but want that little long,” and we find 
it impossible to give them that little for a long period without usually 
supplying a great deal too much. But at the present moment, although 
we are very careful in putting in the power we usually neglect to take 
precautions to get rid of the surplus, and we leave the pendulum to get 
rid of it in the best way it can. The pendulum does get rid of it, 
principally by varying mechanical friction on the counting wheel, 
driver, escapement, or other accessories. If it did not, it would soon 
accumulate its swing and knock out the sides of the case. But the way 


Fic. A. Fic. B. 


in which it gets rid of the power is not so well defined as it might be, 
whereas accuracy in this is just as essential as care in putting the 
power in. I have devised and have had in use for several years past a 
method of enabling a pendulum to get rid of this necessary excess of 
energy in a well-defined way without absorbing any from that required 
for the proper performance of its work, and without nearly so much as 
heretofore varying its time rate for any of the small usual changes in 
course of time of either power or frictional resistance. The arrange- 
ment or governor is shown in the sketches, Figs. A, B, and C herewith, 
which are respectively front and side elevations (partly in section) and 
plan. Fixed on the pendulum rod P is a slotted plate or fork A, whose 
notch is just long enough (taken in relation to its height on the 
pendulum rod, which height is adjustable) to allow the pendulum to 
make its minimum required swing without touching anything. Beyond 
this, however, the ends of the slot touch and slightly push round the 
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end of a light spring B (whose weight is as nearly nothing as may be) 
which is encompassed by the slot, and which is pivoted near its centre 
or fixed by a shoulder screw flatwise to a brass-piece C, so that the 
spring bears with a little pressure near its ends on to a turned ring 
projection on the piece C, and therefore moves with a little gentle and 
adjustable spring friction. The result is therefore that the pendulum 
swings through its normal arc required for the counter quite freely 
without experiencing any resistance at all from this arrangement, but 
beyond the exact normal arc the frictional resistance is encountered 
and the surplus energy soon absorbed. It will be noticed that the 
spring B does not recoil on or in any way attempt to push back the 
pendulum rod after having been pushed over, so that the only slight 
quickening of the pendulum produced by the arrangement is that due 
to the friction, which can be adjusted in extent so as to quicken the 
rate for a given super arc moved through exactly to the same extent as 
the circular error arising from that same super arc slows it, thereby cir- 
cumscribing the pendulum within close limits and with less variation 
of time rate than, I believe, by any other means at present known, and 
certainly much less than by the haphazard methods now in vogue for 
allowing the exit of the ever present surplus power in any chance 
variation of amplitude or resistances. It may be noted also that with 
this arrangement applied it is not nearly so necessary as heretofore to 
keep the power so constant, because we can absorb a varying excess 
without varying time, and simpler and more economical methods of 
driving may therefore be applied. It is also important that pendulums 
should be hung in a suitable place. In this case the electrical time 
service has an advantage over the mechanical one, in that the pendulum 
can be separated from the clock. Pendulums, although they appear 
strong, healthy bits of apparatus, are much influenced by local 
surrounding gravitational influences. The best place, therefore, for a 
pendulum is down in a basement as near Mother Earth as possible. In 
reference to the oscillograms and the matter of splashy or vibratory 
contacts, I would point out that a Simple method of testing this consists 
in putting a low resistance telephone receiver into the circuit, or an 
ordinary receiver shunted. It is then easy to hear any trace of 
vibratory or “splashy” contacts as scratches instead of sharp clicks in 
the telephone. If, then, only sharp clicks are heard in the telephone 
it is quite certain that the contacts are doing well, and that there is no 
vibration present which will affect any other instrument. 

Mr. E. T. Соок: The question of keeping the current consumption 
down, which a previous speaker has dealt with, seems to me to be one 
which is very much overrated. I think one can easily spend тоз. a 
year in current, and if one obtains any slight advantages in the way of 
a better system it is money well spent. While Mr. Hope-Jones has 
complimented certain inventors on their transmitters, I think he is 
a little bit severe in his condemnation of some other systems. In one 
place he says the duration of contact is roo times longer that is 
necessary, but taking his lower figure of 0°06 second, and multiplying 
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by тоо, we obtain 6 seconds, which is quite a long time even for a very 
badly designed transmitter. I have had some small experience with 
Mr. Murday's system in connection with an instrument-making class 
at the East London College. Some of the students worked out a 
pendulum of this kind, and we adopted it for driving three dials in the 
Electrical Engineering Department, because of its very great sim- 
plicity. We used it in connection with a Foucault-Hipp trip switch, 
and the result is a very simple and good mechanical job which has 
operated now for four years with no stoppage due to faulty contacts. 
I have made some oscillograms of those contacts taken after the system 
had been operating for 24 years (Fig. D). If they are examined 
it will be seen that this form of contact is capable of being made very 
cleanly and very precisely, the break, though comparatively slow, is 


MAKE BREAK 


particularly clean. Three kicks will be noticed at the make, due to 
the momentarily increased inductance when the dials come on. The 
pendulum has given to it a very healthy swing so as to make the whole 
job as mechanical as possible. I should like to ask Mr. Hope-Jones 
if it would be possible for him to include in his very valuable oscillo- 
grams some of a switch which has been operating for a number of 
years. Most of the oscillograms shown refer to new installations, 
which will consequently be in the most perfect condition possible. 
The little kick which is observed in the second oscillogram is due, 
I believe, to removing a pad which takes up the normal vibration due 
to the switch arm falling backwards. When that pad gets hard, 
as it would do in course of time, it seems to be almost possible for that 
little kick to become something very much greater, and perhaps 
operate one of the dials and send it in advance of some of the others. 
I have seen little kicks, which have appeared no larger than that 
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which have operated dials. Further, some details of actual costs of Mr.Cook. 
working a Synchronome switch would be of preal value. 

Dealing with the Murday contact, one can 
very easily get over the trouble of closing the 
switch at the end of the swing of the pendulum 
in this way. A is the 15-tooth wheel and B is 
the pendulum (Fig. E). If we put a little arm 
at C and pull the wheel round and have an arm 
E which closes the contacts D, the arrange- 
ment will make contact in the middle of the 
arc of swing. One point in connection with 
the design of these. contacts is that I have 
obtained better results by making the length 
of the two springs different, so that at D there 
is a sliding of one contact relative to the 
other. It is interesting to note that whatever 
work is done in compressing this spring (when 
one uses the pushing instead of pulling motion) 
is given back to the pendulum in the return 
movement, so that its interference with the 
timekeeping is probably small. 

Mr. J. N. ALTY : Some years ago I had the Mr. Alty. 
pleasure of inspecting a number of devices 
manufactured by Messrs. Lowne and Son, 
some of which are illustrated in the diagrams, 
and the ingenuity of the mechanism struck me 
very much at the time. In comparing the 
several devices which are described by the 
author, both in his present paper and in that Fic. E. 
read by him ten years ago, one is struck by 
the relative simplicity of the recent form of the Synchronome switch. 

After some five years' experience of an installation comprising seven 
dials controlled by a Synchronome switch, it seems that with good 
wiring and a reliable battery, satisfactory operation can certainly bc 
expected. The oscillograms are very interesting. In No. 13 is shown 
the rise of the current when 200-volt mains are used, and a 32-c.p. 
lamp in series. The rise is very sudden, and the author said that 
the current necessary to operate the dials is therefore larger than 
in previous cases, owing to the fact that the duration of the period 
of rise in current is so much smaller. Possibly that might be remedied 
and the objectionable noise done away with by using an inductive 
resistance, instead of a lamp, so as to increase the time constant. It 
would be interesting to know if the author has experimented with dials 
connected in parallel. There are certain phenomena which arise 
in regard to the inductive action, which I believe are accountable 
for many failures of the wiring. ‘These would appear to be partly done 
away with if the dials are connected in parallel instead of in series as 
is customary. The wiring would, of course, have to be doubled, but 
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one dial failing to operate would not then interfere with the others. 
Previous speakers have referred to the cost of batteries. The real 
trouble, I think, with the battery driving of these dials is that when very 
small amounts of power are taken from a dry battery, in many cases 
it is found to rot out rather than wear out. That might be remedied 
if the dials were connected in parallel, because larger quantities of 
electricity could be used at a time, which might be more economical. 
Mr. W. DUDDELL, F.R.S.: I think that the President's opening 
remarks this evening, in which he referred to Mr. Hope-Jones's absolute 
fairness in describing other systems, were most appropriate. I do not 
know whether I am in order, but I should like to suggest that many 
more diagrams should be inserted in the paper. There are several 
systems represented on the table which are not illustrated in the paper, 
and I think it would be a great advantage to the Institution to have 
illustrations of those systems in the S'ournal, so that this paper may be 
the most complete record in existence of electric clocks. One of the 
very first things I ever did in electricity was to try and invent an 
electric clock. Asa boy I remember building an electric clock out of 
a grandfather's clock, and I had a splashy contact. It would not work. 
The dial used to go step by step, sometimes six steps at a time instead 
of one. I got over the difficulty in the end by an elaborate system of 
chopper switches that went in and out, and did the work properly, 
but it broke down because I buried cotton-covered wire in the garden, 
and the wire soon failed. That is a relic of the past. It shows that 
every one of us who has thought of electric clocks has passed through 
the stage of splashy contacts, which killed most of these early step- 
by-step clocks. The independence of the time- -keeping element, the 
pendulum, has been referred to. The pendulum, if it is to keep good 
tíme, must not be interfered with by the mechanism more than is 
absolutely necessary. There is one pendulum on the table which is 
not described in the paper, that of Professor Féry, of Paris, which 
is the most ingenious pendulum I have seen. The main pendulum 
carries a magnet, and works another auxiliary pendulum with a little 
copper ring on it. At first sight it appears that the main pendulum is 
absolutely free from any contact, or effect of the contact, disturbing its 
action. But I believe that is an electrical paradox, because, if the 
contacts affect the auxiliary pendulum, will they not affect the work 
required to drive it, and therefore the reaction on the main pendulum ? 
I rather suspect that the contacts might just as well be put on the 
main pendulum. With regard to the question whether the battery is 
going to be troublesome or not, this is largely determined by the 
number of cells in series. If a large number of cells in series be 
employed to work a large number of dials, I think you will find that 
the leakage current works out to a much greater number of ampere- 
hours per annum than the author says is necessary to work the whole 
of his time system. A very small leakage current will add up in the 
course of a year to a quite appreciable number of ampere-hours. 
Ordinary dry cells are not particularly well insulated, for their outside 
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cases are usually made of zinc, with a cardboard covering. If they M 


stand in a damp passage, or in the basement of a building, the risk of 
leakage running the battery down is very considerable, especially with 
a large number of cells in series. With a small number of dials in 
series there is no trouble from this effect. The next point I wish to 
refer to is the question of synchronisation. Mr. Kempe, of the Post 
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Office, has suggested that it is less costly to synchronise clocks. ' 


I should like to ask if the cost of winding the clocks has been taken 
into consideration in that connection. It seems to me that the cost of 
sending a winder round to wind all the clocks, when capitalised, will 
produce a much larger sum than doing away with the clocks, and 
replacing them with some of these little simple dial. movements. 
Finally, in connection with the oscillograph curves, I believe that from 
the little dent in the curves it is possible to calculate the efficiency 
of the system. When a motor works—and these are really nothing 
more or less than motors—the efficiency may be reckoned as the ratio 
between the back E.M.F. and the impressed voltage. The little dent 
in the curve is caused by the back E.M.F. in the magnet, and it seems 
to me that the back E.M.F. of the magnet, together with the other data 
of the circuit, gives a measure of the work actually being dome. It 
would therefore seem that one can actually calculate from these oscil- 
lograph curves the efficiency of an electric clock considered as a 
motor. 


Mr. A. E. McCLoskEY : It is somewhat disquieting to learrr from м 


such eminent authorities as Mr. Kempe and Mr. Brown that the action 
of the master clock—and with it all the other clocks in circuit—can be 
so easily disturbed, even by some very slight alteration in the stoking 
arrangements of an ordinary business establishment. It therefore 
occurs to me to ask whether it is not considered possible to arrange 
that a current from the Greenwich or other observatory could be used 
to standardise the master clock and at the same time all the other clocks 
in its circuit. With the Sychronome Company's clocks such a current 
might be made to hasten or retard at a particular instant the making 
of the clock contact ; and in systems where an alternating current is 
employed by a somewhat similar action on a special commutator. 
Mr. Hope-]ones has explained how in the Synchronome Company's 
system a bell is rung whenever a battery failure occurs. I understand 
that on the Continent some device is employed whereby an alarm is 
given whenever a driven clock is stopped, whether the trouble be due 


to faulty springs, battery failure, disconnection, short circuit, or earth. 


I should feel obliged if the author would kindly favour us with some 
details of the apparatus employed. 

Mr. A. E. BALL: Mr. Hope-Jones in his excellent paper has showed 
us that it was usual in the early days to employ contacts of compara- 
tively long duration. It is worthy of remark, however, that my first 
contact arrangement—which was made with a chronometer detent 
action— was of short duration. After experimenting with several types 
of master clocks for some years, in 1903, in conjunction with Mr. Hardy 


r. 
McCloskey. 
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Parsons, I introduced a novel form of transmitter or master clock, 
in which the happy combination of the four vital principles were 
employed, namely : (1) A gravity lever normally supported on a catch ; 
(2) itsrelease at half-minute intervals by the pendulum through a scape- 
wheel; (3) gravity impulse to pendulum through roller and inclined 
plane; (4) electromagnetic restoration of gravity lever through 
contact sufaces. The transmitter was duly patented in 1904, and has 
been adopted successfully since that date by Messrs. Gent & Co., 
Ltd., of Leicester. The transmitter is made in a variety of patterns, 
but all contain the above features, which are also the features of the 
time transmitter, the advantages of which have been so ably described 
in the paper. I have to thank the author for including a description of 
my firm's electrically driven turret movement and its control from an 
impulse circuit. With reference to the question raised in the paper 
regarding its suitability for very large clocks, I may say that practical 
tests which I have made with this movement prove that there is no 
limit to the size of turret clocks which could be driven by it. Numbers 
of these movements are in operation in this country and abroad, and 
are driving turret clocks of various sizes, all with exposed hands. 
Large clocks with four ro-ft. dials are being driven by a single 
movement with unqualified success and with a large safety factor of 
power. 

Mr. H. S. HoHNE (communicated) : It is a curious thing that the 
gravity lever escapement was occupying so many different independent 
people's attention during che year 1904, because our movement, 
although it arrived commercially in 1905, yet was working in our 
factory for the whole of 1904, and therefore in that respect we are in 
aline with Messrs Campiche, Palmer, and Lowne, whom Mr. Hope- 
jones describes that he followed in adopting the gravity lever escape- 
ment. I personally do not agree with Mr. Hope-Jones's subsequent 
remarks about batteries, because with any form of Leclanché cells, 
either the wet or dry type, the system taking the lowest current rate in 
its operation will naturally get the greatest value out of the battery 
connected to it, because if less current is required from the battery, 
the internal resistance may rise so much higher, and that is the chief 
cause of deterioration of any type of Leclanché cell, namely, the 


. increase of internal resistance through several different causes. "There 


is one point about the Magneta system which did not receive much 
attention, and that is that ‘it does not seem to have been success- 
fully applied to clocks of large diameter, nor the control of turret 
mechanisms, whereas a battery-driven system is very simple, and can 
be efficiently applied to the very largest of turret clock mechanisms. 
In fact, there is now an inquiry on the market for a turret clock as 
large as (or larger than) “ Big Ben,” to be operated entirely by electric 
current. Mr. Hope-Jones describes one type of our transmitter (see 
illustration Fig. 8), and he says he understands it is now not found 
to be beneficial. The word “ beneficial" in this case might be some- 
what misleading. This type was not found beneficial from the com- 
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mercial point of view only, because we could not manufacture at a 
price sufficiently low to attract the user of a comparatively small 
number of clocks, and so we designed our cheaper pattern. I was 
rather disappointed that Mr. Hope-Jones had not time to get to the end 
of his lecture and deal with turret clocks. This type of clock is as 
interesting as any other, and illustrates very clearly the special advan- 
tages and the simplicity of electrical operation. Apparently from 
Mr. Hope-Jones’s paper, we are not by any means the first in intro- 
ducing the particular type of electrically operated turret clock 
(illustrated in Fig. 11), yet I think we may fairly claim to have done 
the most to bring this form of electrically operated turret clock to the 
notice of the public. Itis stated in the paper that there may be some 
limits as to the size of turret clocks to be dealt with by this method, 
and I have pleasure in stating that the limits of size with this particular 
form of mechanism are only those of any limits there can be to the 
actual size of turret clock faces, and this has been actually proved. 
I think Mr. Hope-Jones's motor controlled by a chaser switch is very 
ingenious, but personally I do not feel so satisfied as to its effective 
time-keeping for this reason, that with a very short and heavy 
pendulum you have a known factor with which to deal, and it is easily 
dealt with and controlled, but with a motor operated originally at 
1,800 revs. per minute geared down to 1 rev. in 54 minutes, and depen- 
dent upon varying high voltage, and the contacts of a chaser switch for 
its perfect operation, I think it is quite possible for a turret clock 
to have occasionally a greater time-keeping error than would be 
considered allowable; but as there was really no formal lecture or 
discussion on this point, I am open to conviction by practical proof 
to this undoubtedly clever idea. 

Mr. J. W. Black (communicated): The master clock shown in Fig. 6 
` appears to be as nearly perfect as is possible in practice. The dial 
movement illustrated in Fig. 7 would, however, seem to be capable of 
considerable improvement. One of the main objections to this type 
of dial is its noisiness, which renders it quite unsuitable for domestic 
use. Nervous people find the noise intolerable, and are incapable of 
reading or otherwise concentrating their thoughts in a room where 
one of these dials is installed. The silent dial movement recently 
introduced by Mr. G. B. Bowell seems to meet perfectly the require- 
ments for a domestic clock. I should think that an ideal combination 
for domestic use would be a Synchronome master clock operating 
dials fitted with Mr. Bowell's movement. The graphs of the impulses 
transmitted by the Synchronome switch are most interesting and 
instructive. No. 1, by the way, shows how uneconomical the master 
clock is regarded as a motor. The work done by the gravity arm is 
9'7 ft.-Ibs. per week, whereas the electrical energy used per week is 
0°54 watt-hours, which is equal to 1,433 ft.-lbs. The efficiency of the 
motor therefore works out to about 0°68 per cent. This, however, is 
of academic interest only, as the power used is so small and costs so 
little that there would be no great advantage accruing from increased 
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efficiency. The dial movement takes 3:5 watt-hours per annum, which 
is equivalent to 0:067 watt-hours per week, or 178 ft.-Ibs. An ordinary 
* grandfather" clock takes about 70 or 80 ft.-Ibs. per week, and as this 
energy is necessary to drive a long train of wheel work and escape- 
ment, as well as the hands, there would appear to be room for effecting 
considerable economies in the consumption of electrical energy by the 
dials. In a small installation of twenty or thirty clocks the energy 
taken by the dials is at the most a very small affair. It is likely, 
however, in the near future we shall have standard time “laid on" to 
our houses in the same way as we have electric and gas supplies laid 
on. It would, of course, be quite impracticable to wire the whole 


. of the dials in a city in series, and it would be interesting to consider 


how such an installation might be arranged. Has any attempt yet 
been made to distribute standard time on a large scale? If so, I think 
it would be interesting to have particulars of the distribution. Perhaps 


‚Мг. Hope-Jones can give us this information. The electrical energy 


used per annum would not be a costly matter, but it would be an 
advantage to have dial movements of higher efficiency than at present 
in order to keep down the cost of the distributing cables. 

Mr. О. L. FALCONAR (communicated) : Mr. Hope-Jones's paper gives 
one the impression that the author is nothing if not precise, and it 
behoves him to guard against an error into which many manufacturers 
of electrical apparatus have fallen, viz., to sacrificing reliability for 
efficiency. By this I mean the amount of electrical energy required 
to work a Synchronome time system is apparently so small that he 
could easily afford to sacrifice a little energy for the purpose of in- 
creasing the weight and strength of the moving parts in the controller 
shown in Fig. 6. This would allow an ordinary mechanic, who has 
not the delicate touch of a skilled clock-maker, to make any small 
adjustments required. Another point in reference to all electric im- 
pulse systems, which, I consider, is a matter of great importance, is 
the source of electric supply. The type of battery used has to be 
chosen with some discretion, as many makes of dry cells cannot be 
used more than a few months owing to rise in internal resistance. 
I am personally inclined to favour a small accumulator when a suit- 
able electric supply for recharging could be obtained. Of course, 
a type of accumulator which retains its charge. should be used ; and 
these can now easily be obtained. In regard to recharging, I would 
ask Mr. Hope-Jones—and I am confident his ingenuity would be equal 
to the occasion—to design an automatic arrangement worked in con- 
junction with his time switch, so that the accumulators would get 
a periodical charge up. These modifications would, I think, make 
the Synchronome time system as near perfection as it is possible to 
expect. | | 

Mr. W. H. SHORTT. (communicated) : It is now, I think, generally 


admitted that the superiority of the Graham escapement, and the 


magnificent time-keeping obtainable when it is used in conjunction 
with accurately compensated pendulums, are due to the presence of 
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an escapement error which, by suitably adjusting the driving weights Mr.Shortt. 
of the clock, may be made to compensate for the circular error . 
produced by variations in the arc of vibration of the pendulum. 
In Sir H. H. Cunynghaine’s gravity escapement the escapement error 
has probably been reduced to the smallest possible amount, but in 
view of the possibility of making use of the escapement error to 
compensate the circular error, its entire elimination does not seem 
to be quite what is wanted. It would appear that better results could 
be expected if, instead of giving the impulse to the pendulum while 
it is passing the zero position, it were delayed a little. An escapement 
error would thus be introduced, which would be at its maximum when 
the arc of vibration, and consequently the circular error, was at its 


Fic. F. 


minimum, and with a certain arc of vibration, to be determined by 
experiment, the two errors would exactly balance one another. Every 
type of electrically driven pendulum has its own escapement error, 
and it is quite possible that in some types it may have a compensatory 
effect, and, the excellent time-keeping obtainable from pendulums 
which are anything but free, may probably be accounted for in 
this way. : 
With regard to the modified Cunynghame escapement adopted by 
Mr. Hope-Jones, the impulse curve shown in Fig. 9 (page 71) does not 
appear to be quite ideal, for at the commencement and end of the 
impulse period the rate of increase and decrease of the horizontal 
driving force is at its maximum, whereas it should be at its minimum. 
Also the curve F G represents the path the centre of the roller on 
the gravity arm should follow, and not the shape of the pallet end 
VoL. 45. 1 
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Mr. Shortt. as stated. If the pallet ends are intended to be sine curves they will 
approximate closely to the curve a b shown in the accompanying 
«diagram (Fig. F), and the path followed by the centre of the roller 
will be represented by the curve cd, and the impulse by the curve 
ае} This last curve clearly shows that the impulse terminates very 
abruptly even when the roller is allowed to run down to the very 
bottom of the pallet. 

I venture to suggest that a better path for the centre of the roller 
on the gravity arm is given by the portion of the curve y — x — sin x, 
from x = o to x = 2 r, represented to appropriate vertical and hori- 
zontal scales by ik (Fig. G), for, since the horizontal driving force is 


directly proportional to 45, the impulse curve is represented by the 


portion of the curve y = § — cos х, from x — oto x =2 (lmk 
‘Fig. С). Since the rate of increase and decrease of the horizontal 
driving force is zero at both the commencement and end of the 
impulse period as well as at the centre this impulse curve is ideal. 
"The proper shape for the pallet end is given by the curve n p (Fig. G), 
obtained by drawing a number of different positions of the roller, the 
centre of which follows the curve ik. | 
To obtain the full benefit of a pallet formed as just described the 
roller must always travel to the extremity of the curved end. . An 
adjustable balance weight would therefore have to be provided on 
the gravity lever, in order that the strength of the impulse may be 
.varied and the arc of the pendulum adjusted to its correct value. 
Pto The PRESIDENT : Before I ask the author to reply, let me take this 
` Opportunity of making an appeal, in conjunction with what Mr. Duddell 
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has just said, to the other makers of electric clocks.* It is very desirable The. 
that our ¥ournal should contain a full record of the condition of the President. 
electrical clock industry at the present moment. We must congratu- 

late Mr. Hope-Jones on the fairness with which he has treated his 
competitors. Naturally, he could not go to rival makers and say, 

“Give me all the information you possess,” but he overcame the 
difficulty by referring to Patent Specifications and other printed 

matter, which are open to all. 

Mr. Е. НОРЕ-]ОМЕ$ (in reply): In reply to Mr. Kempe, I did not Mr. Hope- 
intentionally belittle Ritchie's work ; оп the other hand, in my opening °" 
paragraph I singled out his and one other system as the only survivals 
of the Victorian era. On the subject of synchronisation, I hope I have 
not done any injustice to the excellent work which has been carried out 
by the Post Office engineers in the last year or two. It has been a joy 
to me to see that the magnificent network of wires possessed by the 
Telegraphic Department has at last been used for the purpose for 
which it is peculiarly capable—the actual physical synchronisation 
of clocks instead of merely sending signals once a day to the various 
post offices in the country at ten o'clock or one o'clock to assist the 
clerk to put the clock right by hand. I entirely agree with Mr. Kempe 
on the subject of non-inductive shunts, and I invariably use them. I 
am, however, proud of the fact that, thanks to its substantial construc- 
tion, and the ample power available, the * Synchronome " switch may 
spark badly and yet continue to work perfectly ; nevertheless, to avoid 
sparking, non-inductive shunts are used. They also have this further 
advantage. The responsibility devolving upon a really important time 
circuit of perhaps 100 or 150 dials is great, and being a series circuit 
the risk of breakdown is mainly the risk of a disconnection. Sub- 
stantial wiring is put in, say 45 gauge; but the strength of the 
chain is the strength of its weakest link, and when going through 
the magnet coils of the dials, thin wire is necessary. It is nice 
to have a shunt here as an alternative path, as it serves the double 
duty of absorbing spark and of giving security in a weak place. 
Mr. Kempe spoke in high praise of Léclanché cells, but we prefer 
dry cells. The current consumption being so small that no battery has 
the chance of expending more than 1 or 2 per cent. of the energy 
it contains during its natural life, I prefer a higher rate of current— 
up in the neighbourhood of 0°3 or o'4 ampere. That implies a low- 
resistance cell. Large dry cells are used on account of their low 
resistance, their long lasting properties, and the absence of attention 
required. In order to show that the bogey of battery failure does 
not amount to much, I submit the records of the clock batteries in 
half a dozen well-known buildings in London since they were erected 
(see Table on page тоо). 

Most of them are ten years old, and the batteries have been replaced 
twice in that period, the average life being four years. I am 
sorry if I made a mistake with regard to the date of Wheatstone's 


* See Addendum, page 75. 
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Mr.Hope- system. As regards the question of the insufficiency or sufficiency, it 
Tones was insufficiency I was speaking of most. The great point in any 
system of electric clocks is to make them, as the Americans say, fool- 
proof. They have to go to people who do not know how they work 
and who are sure to make mistakes in erection and management. 
Neglect is one of the worst enemies that any electrical clockmaker has 
to face. That neglect will usually result in a system being left without 
sufficient battery power. The insufficiency will not be enough to stop 
the master clock—there will still be enough current to keep the system 
going somehow, usually anyhow, with one dial after another dropping 
out and the system becoming a laughing stock. I would rather have the 
circuit stop and strike from work altogether provided it kept its syn- 
chronisation up to the last moment the battery was capable of, and 
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that is what the * Synchronome " system does after giving due warning. 
I would like to refer later to the question Mr. Brown raised with 
regard to the 3° arc. There are good reasons why the circular 
error should not be neglected if the.arc is large. 

Mr. Cook has had practical and experimental experience of this 
subject, and I have been most interested in his oscillograms. He 
seems to have been under the impression that I particularly condemn 
Mr. Murday's method of making contact off a pendulum, but as a 
matter of fact, in my paper of ten years ago I illustrated his as the best 
of all those in which the pendulum charged into springs at the end of 
its swing. But the best is bad ; you should not do the work at the end 
of the swing of the pendulum at all; you ought to do it in the middle. 
In his present system the contact is made at the centre—a great 
improvement, but it is still far from the ideal, because all the energy 
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for making contact is derived from the pendulum and its duration is 
arbitrary. I cannot hope to explain here fully the disturbing effect 
upon time-keeping, of interference with the freedom of a pendulum at 
the end of its swing. But one aspect of the question can be simply 
demonstrated as a result of the harmonic law, that is the time during 
which the pendulum is subjected to such interference. 

In Fig. H, AE is the path of the pendulum as in Fig. 9. The 
circumference of the semicircle is divided into sixteen equal spaces 
and verticals are dropped to the baseline. The pendulum will pass 
through these spaces between the verticals in equal times. If a lateral 
motion of Fg in. is required for making a contact, it will achieve it in 
a period of 4 of a second if it is at the middle, asindicated by the thick 
line at C, but if it is done at the end, the pendulum will be engaged on 
the job for over 4 second. It is mainly at the ends of its swing that 
the pendulum is measuring time, and the force of gravity should then 
have perfect freedom to act alone and without interference of any 
kind. Consider the pendulum bob as being a ball attached to the 


centre by an elastic string but otherwise free. With whatever force 
it is thrown out horizontally from the centre it will return to the centre 
in the same time because ut vis sic tensio. Obviously, then, variations of 
impulse and of friction must be innocuous at the centre and at the 
centre only. I admit that if the arc of a pendulum could be kept 
constant and if the springs it charged into were constant, both of 
. which are impossible, the interference would also be constant because 
the same amount of energy which the pendulum impressed into the 
springs would be returned to it, the force of gravity would be diminished 
on the rise as much as it is increased on the fall, and all would be well. 
But a pendulum driven by the Foucault-Hipp butterfly escapement is 
the very worst kind to use in this way because its whole principle is 
that the amplitude of its arc is perpetually varying in irregular 
frequency which bears no relation to the half-minute function. 

In conclusion, it is much better not to give the pendulum any such 
onerous duty as making contact at all. I have shown how that can be 
done (with unlimited power from another source) as a result of the 
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pendulum merely releasing the gravity lever which is to give it its 
impulse. 

In reply to Mr. Alty, the reason for arranging electrical time 
circuits in series instead of in parallel is that we want self-induction ; 
and if self-induction exists in the form of an electromagnet in 
each dial you naturally put them all in series and get their sum. 
The suggestion of inserting an inductive resistance instead of a 
carbon filament lamp when driving off a lighting circuit is very pretty, 
and I am obliged to him for it. Noise does 
not bother us, because it is easy to make the 
dials quiet enough for all ordinary purposes. 
B But I freely admit that all rotary forms of dial 
movements have the charm of noiselessness as 
a natural result of the rotation of the armature 
in a magnetic field, whereas a step-by-step dial 
movement must have a certain amount of noise 
resulting from itsreciprocating action. Never- 
theless the new form .of dial movement 
described to-night enables us to provide broad 
locking surfaces at an angle of 45°, which 
facilitate soft banking and silent action. With 
regard to oscillogram No. 13, I would let 
the action of the dials take place whilst the 
current is rising, whilst the lamp filament 
is warming up, so we are better off as re- 

| gards noise on the lighting circuit than on a 

Fic. I. battery. It is quite a gentle impulse. The 

leakage loss of a battery is just one of those 

apt things that one would expect Mr. Duddell to call attention 
to, and it enables me, by his mention of it, to illustrate how utterly 
trivial the consumption of current is. А consumption of something 
like a watt-hour per annum рег cell is nothing compared with the © 
leakage that goes on in a battery of over 20 or 30 volts, even if you 
putit in a nice dry but cool place. The question of synchronising, 
raised by Mr. McCloskey, gives me the opportunity of describing to 
you what has been common practice with us for some years, but which 
I hesitated to crowd into my paper. In Fig. I the wheel of fifteen 
teeth (as in Fig. 6) is rotated by the pendulum once every half-minute 
and has a heart-shaped cam mounted upon it. A lever terminating in 
a little steel roller is thrust against the cam by an electromagnet 
precisely at each hour by the Greenwich time signal. What happens 
is this : Supposing the wheel is late and has not got far enough forward 
at the end of the hour in its r2oth revolution when the impulse comes, 
the feeler will find the cam in the late position and will throw the 
wheel forward. Suppose, on the other hand, that the pendulum is 
gaining and has pulled the wheel too far; when the Greenwich time 
signal comes at the hour it says, * Come back, you have been going on 
too quickly." The synchronising magnet pulls the wheel back, with 
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the result that that particular half-minute in the whole circuit of dials Mr. Hope- _ 
is shortened by the number of seconds, or rather the very small IRSE A 
fraction of a second that the circuit was fast, and vice versá.. That is 
commonly done by us on the hourly service of the Standard Time 
Company, Ltd., and the daily service of the Post Office. With regard 
to “ reporting back," I may refer Mr. McClosky to my paper of ten years 
ago. Herr Puttkamer, of Berlin, was good enough to contribute a full 
account of the methods of the Normal Zeit Gesellschaft in Berlin, which 
included а complete automatic system of reporting back any. failures 
in a large circuit of clocks in a municipal time service. 

In further reply to Mr. Kempe, as: to periodicity, I. came to ' 


oOo у A 


| Fic. J. | | ' 


the conclusion fifteen years ago that half-minute was sufficiently 
frequent for all ordinary purposes. A national standard is most 
desirable, and I then deliberately established that standard instead of 
minute periodicity as commonly adopted on the Continent and in 
America. In a simple step-by-step dial movement a wheel of 120 teeth 
is a reasonable limit from the point of view of compact design, 
simplicity, and economy in manufacture ; 240 teeth (which would be 
required for quarter-minute periodicity) would be more awkward, and 
gearing is undesirable. Several railway companies have asked me for 
quarter-minutes, but I have treated it as an unreasonable request, 
except in tube railways for train spacing, and asked them to accept 


* Fournal of the Institution of Electrical Engineers, vol. 29, p. 286, 1900. 
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Mr.Hope- the standard. Second-by-second progression, the loss of which Mr. 

Jones s Kempe deplores, is useless unless the clock has a seconds hand. You 
could not read an ordinary clock accurately if you wanted to. On 
the other hand, an electrical impulse dial gives a definite time-signal 
every 30 seconds. For observatories and physical laboratories we 
provide dials indicating every second or every 2 seconds, the impulse 
being given at every vibration of the pendulum, as in the first applica- 
tion of Sir Henry Cunynghame's escapement to the “ Synchronome " 
switch shown in Fig. J. A count-wheel is dispensed with, and the 
impulse is given on a little roller R mounted upon the lower extremity 
of the pendulum, the gravity arm C being released by a chronometer 
detent escapement BK. The action will be readily understood by 
comparison with Fig. 6, in which the reference letters are the 
same. 

My statement regarding Wheatstone's system requires but little 
correction. The acrimonious dispute which appeared in the Liferary 
Gazelle of June, 1842, shows him to have been the original inventor 
of the induction idea, and it was this I had in mind in connection with 
the * Magneta" system. Alexander Bain opened the correspondence 
with a letter typical of the inventor with a grievance. It was illspelt, 
and was printed with the editorial note “verbatim et literatim.” Fiat 
justitia, ruat celum ! But I have failed to confirm my correspon- 
dent's statement that the set of Wheatstone's clocks, which he bought 
in 1878, were used in the Houses of Parliament; they were probably 
those installed in the Royal Institution of Great Britain in 1873 and 
given up in 1877. The master clock is still in that institution. In 
further reply to Mr. Brown, the backstop click in a dial move- 
ment can only be safely dispensed with when the hands are balanced 
and are protected by glass from wind and weather. Under such 
circumstances *a gentle steadying spring friction on the side of the 
wheel" will suffice, but surely that involves some intelligent adjust- 
ment, and I should distrust its constancy. He claims that his dial 
movements so constructed are more efficient—;.e,, will work on less 
current. I don't see why they should. The figures he gives in milli- 
amperes are no measure of the power required unless either the 
voltage, the resistance, or thc ampere-turns of his magnets are given ; 
and he does not state the duration of the impulse. In my dial move- 
ment the backstop J not only gives a positive lock at every point in the 
cycle of operation, but provides instant facility for disengaging both 
clicks from the wheel. "This is evident from Fig. K, in which x shows 
it in its normal position of rest, 2 part withdrawn, 3 fully withdrawn 
(end of stroke), and 4 half-way forward in the act of propulsion. The 
backstop J is never out of the periphery of the wheel A unless the 
point of the driving click E is between A and H. There is a consider- 
able affinity between Mr. Brown's proposal regarding compensation 
of circular error and that of Mr. Shortt which follows. Both these 
contributors recognise the absence in the system I advocate of the 
escapement error which compensates the circular error in a Graham 
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dead-beat clock. Mr. Brown proposes to quicken the pendulum on an 
increasing arc by introducing friction to impede gravity on the upward 
path, and Mr. Shortt seeks to obtain the same result by displacing the 
impulse a little out of zero. Unfortunately, Mr. Brown is not correct 
in saying that variations in power and friction are always of opposite 
sign to the circular error ; if they were the latter suggestion would be 
quite simple, the pendulum could be quickened by giving the impulse 
on the downward path before zero, when it would also assist gravity, 
but the quickening effect would diminish with increasing arc, as I shall 


Fic. K. 


explain when reviewing it. Mr. Brown's proposal (Figs. A, B, C) is 
similar in principle to Loseby's isochronal spring shown in the 1851 
Exhibition and reported upon by the Astronomer Royal of that time. 
It was found to be futile when applied to escapement clocks having 
frictional disturbances of their own, but it might be quite successful 
here, and I am obliged to him for the suggestion and for his able 
advocacy of large arcs. His view that some definite means should be 
found “to get rid of the surplus energy of a pendulum” is certainly a 
very original way of looking at it, but I cannot endorse the idea. I can 
conceive of no method less likely to interfere with the isochronism of 
a pendulum than leaving it alone. The coefficient of friction would 
have to be determined by experiment in each instrument, and I 
doubt if any mechanical resistance could be made less variable than 
air. I have been unable to corroborate Mr. Brown’s statement that 
a single foot-lb. of energy would suffice to keep “an ordinary fairly 
heavy seconds pendulum swinging for more than a month," assum- 
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ing ideal efficiency and that nothing but aerial resistance has to 


be overcome. My experiments and calculations agree with those 
given by Sir Henry Cunynghame in the Society of Arts Sournal, 
vol. lvi., p. 1033, October 30, 1908, and I think Mr. Brown's pendu- 
lum must have been a very light one or that such a small amount 
of energy only sufficed to maintain a very small arc. 25 ft.-lbs. 
per month is nearer the mark with a seconds pendulum having a bob 
of 12 lbs. and maintained at an arc of 49. A comparison with the 
actual consumption of energy as shown on page 70, 9'7 ft.-lbs. per 
week (not the larger figures quoted by Mr. Brown, which are arrived 
at on a wrong basis) shows that the loss by friction is, as one would 
expect it to be, distinctly less than in the case of a Graham dead-beat 
escapement and considerably less than with a gravity escapement. 

In reply to Mr. Cook, I quite agree that economy of current need 
not be further pursued. What is wanted is a better adjustment of 
the load to the battery or the battery to the load. We want a source 
of current in more convenient form than that of any battery we yet 
know of. We want one with low internal resistance and ability to 
achieve its maximum output with a contact time factor of only 0°06 
second every half-minute, or 174 hours per annum. The want of this 
drove me to experiments with transformers some years ago. I failed 
in that direction, but I trust some one else may succeed. I have shown 
that one good dry cell contains enough energy to run thirty clocks 
for three years, and we want to see it done. Some of my oscillograms 
show dials working with impulses whose duration is only o'or, 0'015, 
and o'o2 second, and I had these in mind when mentioning other 
systems with contacts whose duration was from fifty to a hundred times 
too long. The impulses at Liverpool Street station have, or had a 
few years ago, a duration of 3 seconds. The “Synchronome” switch 
used in the production of the oscillograms reproduced had been 
working for twelve months. We habitually neglect the contact and 
leave it to take care of itself, until at any rate the platinum plate 
has become badly pitted. Until that stage is reached the oscillograph 
would show little difference between old and new. Mr. Duddell is 
quite right, in saying that there is some reaction on the armature bob of 
Professor Féry's main pendulum as a result of the contact made by the 
subsidiary pendulum. I had the authority of his Patent Specification 
in saying that it was subject to two interferences only—air resistance and 
magnetic check—both of which vary in proportion to the arc sothatthe 
isochronism of the pendulum is not disturbed. But he has since 
informed me that while the disturbance caused by the mechanical 
rubbing of the contact surfaces communicated to the main pendulum 
by magnetic reaction is practically negligible, the precise moment 
at which the contacts begin and finish is not as definite and constant as 
could be wished, and that might be a source of some slight disturbance. 
But it is not correct to say that the contacts might just as well be 
put on the main pendulum. The disturbance is comparatively trivial, 
and my only regret is that it does not appear to be possible to 
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make much practical use of this invention because it possesses no Mr. Hope- 
powerful switching function capable of operating a circuit of electrical вы 
impulse dials. 

In reply to Mr. Hohne, the characteristic of the Campiche (1893 and 
1899), Palmer (1902), and Lowne (1901 and 1905) systems is the fact 
that the impulses are given to the pendulum every half-minute instead 
of every second. They should therefore be referred to as “ half-minute 
impulse escapements," not * gravity lever escapements," of which there 
are many, but Campiche and Lowne are not among them. I cannot 
accord the Gent system an earlier place, as their first patent was not 
published until November, 1905. It contained the switch in an inverted: 
form, but did not mention the impossibility of stopping in closed 
contact, nor that interesting phenomenon and most useful function, 
the mechanical assistance rendered by the pendulum to the electro- 
magnet in the work of replacing the gravity lever, both of which were 
included in my patent published in July of the same year. With 
regard to the most suitable current rate, Mr. Hohne is not quite correct 
in saying that “the system taking the lowest current rate in its opera- 
tion will naturally get the greatest value out of the battery connected 
to it"—longevity perhaps, but not greatest value. The essence of the 
problem is the short contact time-factor. Some thousands of pounds’ 
worth of primary cells driving “ Synchronome" time circuits are only 
devoting to that purpose about 1 per cent. of the current they are 
capable of yielding during their natural life. He would have us use 
less ; that is why I invert the argument and use the highest current rate 
which considerations of line and battery resistance will permit. I feel 
sure that Messrs. Gent's adoption of a pure momentum break similar 
to that of the “ Synchronome " = switch, both with and without the 
insulated screw H (Fig. 5) is due to its merits, and that considera- 
tions of expense would not stand in the way of a better device of 
their own. I entirely agree with Mr. Hohne as to the merits of 
the * Hipp" system used to drive large turret clocks, and I have 
always championed it. The model I exhibited but had not time 
to describe was made by the Standard Time Company, Ltd., and 
showed their automatic means of introducing an alternative source 
of electrical energy should the first fail. It also contained their 
X-suspension spring, which adds strength without imparing flexibility, 
and prevents wobble. 

In reply to Mr. Black, a “ pick up one tooth at a time" dial move- 
ment can be made inaudible to a sufferer from insomnia—the severest 
test—by suspending it on springs in its case, and quiet enough to live 
with by the judicious use of felt, leather, or rubber. Itsadvantages com- 
pared with rotary forms are simplicity, natural dead-beat motion of 
minute hand, perfect lock, facility for setting by hand or by a zeroizer, 
and maximum power against minimum pivot friction. Numerous rotary 
forms are in use such as those in the Grau-Wagner, Peyer Favarger, and 
Van der Plancke systems, and the type which Mr. Black advocates is in 
many respects superior, but contains none of the above advantages. They 
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are by nature silent and require no special treatment to secure quiet 
action, but a gear of т: бо must be introduced and the relation of power 
to pivot friction is necessarily reversed—a serious matter in bad atmo- 
spheric conditions. I admit that the efficiency of the “ Synchronome”’ 
controlling pendulum regarded as a motor is very low, but if Mr. Black 
had taken wave-form No. 5 instead of No. 1, and allowed for the resist- 
ance of the oscillograph it would be just double the figure he gives. 
The conversion of small and isolated amounts of energy from the 
mechanical to the electrical form, or vice versa, can never be done 
efficiently on account of losses in starting and stopping. Rotary dials 
are no better than reciprocating ones in this respect, unless they are 
continuously rotating, and in the type he advocates the method of 
obtaining semi-rotation from single uni-directional impulses, cannot be 
economical because the electromagnet has to overcome the pull of 
permanent magnets which are themselves strong enough to move the 
armature through a considerable arc. The largest area yet covered by 
any one time circuit in this country is the Children’s Infirmary of the 
Metropolitan Asylums Board, at Carshalton, Surrey. This institution 
consists of fifty buildings spread over 136 acres, There is an average of 
three dials in each building, all in series on a single line of about four 
miles in length (mostly overhead), and operated by one controlling 
pendulum in the Entrance Hall of the Administrative Building. 
Equivalent or larger installations would be undertaken in cities if 
facilities for underground lines were given. A special type of relay em- 
bodying all the advantages of the * Synchronome" switch except its 
time-measuring function would be installed in the basement of each 
consumer's premises. He would rent this and instal what wiring, 
battery, and dials he pleased. If he neglected his battery warning 
or broke his line he would not interfere with the public service. 
The battery warning in the relay is obtained by a balance wheel 
instead of by a pendulum. 

I agree with Mr. Falconar that, from the practical and commercial 
point of view, there is much to be said in favour of endowing the 
pendulum with a superabundance of vitality at the expense of academic 
accuracy and that the consumption of current is in any case negligible. 
Even if the proposals for compensating the circular error were im- 
practicable, not one user in a hundred makes observations with 
sufficient precision to discover it. Storage batteries are quite suitable, 
and we have many in use. Initial cost and the subsequent attention 
required are the only drawbacks. We have met the former by intro- 
ducing a special type of small cell, and if such duties as * topping up" 
and artificially discharging could be dispensed with, or greatly reduced, 
we would provide automatic recharging, which, as Mr. Falconar says, 
is quite a simple matter. 

Mr. Shortt's proposal deliberately to introduce an escapement 
error to compensate the circular error will not be readily under- 
stood by those unacquainted with the theory of escapements, and 
it may therefore be desirable to give some further explanation. 
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The circular error is the variation from absolute isochronism due to 
the pendulum following a circular instead of a cycloidal path ; this 
deviation causes an increase in the time vibration which becomes more 
and more pronounced as the arc increases. The theoretical values of 
the retardation in seconds per day due to this for different arcs of 
vibration are given in the following table :— 


Total Arc of Vibration Retardation in Seconds per Day 
in Degrees. due to Circular Error. 

о о 

p > O'4I 
2 1'64 
3 3°70 
4 6:58 
B 10°28 
6 14°80 


If one could be sure that the arc of the pendulum would remain 
constant the error would be constant, and would be dealt with un- 
consciously in the act of regulating the pendulum. With a fixed arc 
of 4° you will have raised your bob and shortened your pendulum by 
an amount which will make it go 64 seconds per day quicker than the 
theoretical length of a seconds pendulum in this latitude, and all 
would be well. But it is practically impossible to secure a constant 
arc. It is true that in a “Synchronome” detached gravity escapement 
the impulse does not vary, for the only thing that could vary is the 
condition of the oil of the one pair of pivots carrying the gravity arm. 
But the pendulum has work to do, and although we only operate the 
count-wheel with jewels running dry, variation in friction undoubtedly 
occurs, and, to a much less extent, even in the astronomical type 
(Fig. ]) in which the impulse is given at every alternate second near 
the bob of the pendulum without any count-wheel at all. So we may 
well look for some means of accelerating the pendulum which shall 
increase its acceleration proportionately to, and as a result of, increas- 
ing arc. And if we cannot find it we can bring the pendulum to time 
by raising the bob to neutralise circular error at some fixed arc, and 
look for some means of slowing it in proportion to, and as a result of, 
its decreasing arc. The rate of the pendulum can be quickened in 
one of two ways, either by taking energy from it, by causing it to do 
work, against friction for instance, during its excursion away from zero, 
or by giving energy to it (i.e., giving it an impulse) during its excursion 
towards zero, since in either case gravity is being assisted. | 

The quickening effect of these disturbances is greater the closer the 


pendulum is to one or other extremity of its swing when they take . 


place. The first of these two methods is adopted to compensate cir- 
cular error in the Graham dead-beat escapement, because the greater 
the impulse and the greater the arc (and consequently the greater the 
slowing rate due to circular error) the greater the friction. 
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Can we use the second method—the giving of the impulse to the 
pendulum during its excursion towards zero—to compensate our circu- 


‘lar error? We have seen that its quickening effect will be at its 


maximum if we give the impulse when the pendulum is just starting 
upon its excursion towards zero, and at its minimum if we give the- 
impulse when the pendulum is nearly at zero. The position at which 
we give the impulse is necessarily a fixed one, so if the arc increases, 
the nearer that point will be to zero, relatively to the total swing of 
the pendulum, and the less will be the quickening effect. Obviously, 
therefore, such an escapement error, deliberately introduced to make 
the pendulum gain, will vary in the same sign as the circular error, and 
will not only be useless for compensating it, but will make it worse. 
So we must reverse the process and introduce an escapement error of 
the opposite kind by delaying the impulse a little so that more of it, or 
all of it, is given after zero, when it is fighting against gravity, and 
therefore slowing the pendulum. The slowing rate resulting in a 
normal arc would, of course, be regulated against in the ordinary way 
of bringing the pendulum to time by the rating nut. 

We cannot make an escapement error which will give us gaining 
rate increasing with the arc, but we can make a losing error which 
diminishes with increasing arc and increases with a failing arc, and we 
permanently shorten the pendulum so that in normal conditions the 
clock does not lose. Now if the swing of the pendulum increases, that 
portion of the arc during which the impulse or disturbauce of the 
natural time of vibration takes place, though of the same lateral 
dimension, becomes less in proportion to the whole, and that dimi- 


.nishes the increase of time which would otherwise be caused. Having 
regulated the pendulum (raised the bob) to counteract the slowing 
effect of impulses imparted to the pendulum on the rise, the rétarda- 


tion due to circular error in a larger arc will be counteracted by the 
diminution of the slowing rate caused by the impulse—a diminution in 
lime and in vice—in time, because the pendulum travels much quicker 
at or near the centre when the arc is increased, and in vice, because 
the impulse is now more concentrated at the centre (relatively to the 
total swing) where interference is comparatively innocuous. _ 

Conversely, if friction increases and the arc drops, the reduction of 
the circular error will tend to make the pendulum gain, but the escape- 
ment error will increase beyond the amount which the pendulum has 
been permanently regulated to overcome, and will tend to make it lose. 

The amount of artificial escapement error to be introduced and 
regulated against can, of course, only be determined by careful experi- 
ment. The circular error is very small and the investigator must have 
a clear idea of its relation to barometric error and recollect that 
mechanical imperfections, want of rigid fixing, and imperfect com- 
pensation for temperature, may altogether swamp his observations. 

It should be noted that the escapement error Mr. Shortt proposes 
will only operate during a small part,of one-quarter of each complete 
vibration of the pendulum. Mr. Brown's appeal for a large arc has led 
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me to give this proposal considerable space. But for that I should 
simply have expressed my personal preference for impulses imparted 
at zero combined with a small arc in which the circular error is 
negligible. I admit the advantages of a large arc in a commercial 
article, and I would prefer this method of dealing with the inevitable 
circular error to the introduction. of frictional devices. I am greatly 
indebted to Mr. Shortt for working out the proper shape of the 
impulse pallet : his Figs. F and G are quite correct. The Aron Meter 
Company say that “the ordinary clock” as a method of measuring time 
(presumably a Graham dead-beat escapement) cannot be beaten, and 
ought not to be departed from, thanks to the many hundreds of years 
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devoted to its perfection. In all I wrote about the Cunynghame 
escapement in the form of a “ Synchronome " switch оп its introduction 
three years ago, I hesitated to claim superior time-keeping, but experi- 
ence enables me to do so now ; there was never any question as to its 
safe-going and freedom from the ills that clocks are heirs to. I 
selected Fig. 8 to illustrate Gent's system from a later patent assuming 
they would prefer to have it represented by a pendulum more or less 
free except at zero. That shown in Fig. 14 is engaged in doing work 
at the end of its swing, and the disturbance qaused by the release of 
the gravity lever and its resting upon the pallet will vary with varying 
arcs in that part of the path of the pendulum where such disturbances 
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will have their greatest effect. There has been no lack of experience of 
the locked dial movement which Messrs. Gents describe in Fig. 16. The 
best known form of it was' introduced by Victor Reclüs, of Paris, in 
1895, as illustrated in Fig. L, and has been very extensively used 
abroad. I did not adopt it because the whole shock of the momentum 
of heavy hands is taken on pivots instead of on a substantial stud or 
projection on the plate. There is nothing in the nature of a vice-like 
grip if the driving click is made slightly wedge-shaped ; and the 
earlier form provides no facilities for disengaging the clicks from the 
teeth of the wheel. 

Messrs. Gents' proposed method of synchronising in the * B.P." 
system (Fig. 17) appears to me to hide an underlying fallacy. It 
cannot synchronise at all, but will only *rock" the error backwards 
and forwards, fast and slow. The wave-lengths of the oscillations 
are, of course, dependent upon the amount of correction effected by 
the synchroniser at each hour, but the amplitude of the waves will 
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never diminish. The mistake is due to the confusion of two quite 
different things, the rate of the clock and its indicated error, i.e., the 
divergence of the hand from true time. The “ B.P.” system attempts 
to synchronise from the latter by repeated alterations of the rate 
proportionate to the extent of the error; but these alterations are 


cumulative, and an error of equal value is piled up in the opposite 


sign. In Fig. M the initial error is taken as being + 2 per hour 
(whether seconds or miuutes is of no consequence), and it is assumed 
that an error in the pointer of that angular dimension will enable the 
synchronising feeler to lower the weight on the pendulum one-half of 
the amount necessary to correct that error. The rate appears in steps 
as altered hour by hour by the synchronising signal. The thicker line 
shows the divergence of the hand from true time, or, in other words, 
the indicated error. 

If R is the rate and K the correction constant, then approximately 


gm amplitude of the vibration and JET period of vibration. 


Thus in the above curve the amplitude is 2:828 and the period 8:9 
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hours, and if we make К = 1, the amplitude is 4'o and the period is 
12°56 hours. If the correction is exact (К = 1) the amplitude is 2 and 
the period 6°28 hours. If, therefore, the synchronising line broke 
down, the interruption would be just as likely to occur when the rate 
was at its maximum minus or plus, as when near zero. A “false” or 
“rocking " synchroniser of this class might have a small field of utility 
if rigorously confined to seconds and used to oscillate a very small 
error, if it were not for the fact that it is quite easy to make a true one 
in other ways. In fact, it was done by Rudd ‘of Croydon, in 1898, and 
the large bracket clock of Messrs. Thomas Wallis & Co., in Holborn, 
has been successfully synchronised by his apparatus since it was 
erected in 1905. 
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In Fig. N, A is the synchronising magnet operating the armature B 
which raises the feeler C through the medium of the Z-shaped lever 
C, which latter releases the clutch E and allows the slide F on the 
pendulum suspension spring to fall and to be re-set into whatever 
position may be dictated by the cam D. "The short pendulum H is a 
subsidiary one linked to the main pendulum, and is the exact equiva- 
lent of the collar weight H in Fig. 17. Now, although Rudd's cam D 
moves with the clock, as does the pointer D in Fig. 17, and therefore 
indicates the error of the clock, it is important to note that the 
synchronising action is not cumulative, and that the rate of the 
clock is altered afresh at each hour in accord, not with the divergence 
of the clock from true time, but with the error in its rate. That makes 
ali the difference, and if the correction constant is exact (К — 1). 

VoL. 45. 8 


Mr. Hope- 
Jones. 


Mr. Hope-' 
Jones.. ... 


114 НОРЕ-ЈОМЕЅ : MODERN ELECTRIC [ Feb. 17th, 


Rudd will correct. the rate at the first opération and will leave it 


` correct, subsequent synchronising impulses having no effect. If K 


is less than 1 the rate will be corrected by a few successive signals, 
and left correct. If К is between т and 2, the rate will be brought to 


‘zero by a series of oscillations, which will take longer and longer to die 


out as K is nearer 2. But the correction constant must not amount 
to double the rate. If it does, it will oscillate to the full amount of the 
error, and if K were to exceed 2 the oscillations would increase in 
amplitude until they became infinite. It will be observed that only 
when the pendulum is of the original and proper length will the hands 
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show correct time. "Whenever there is апу adjustment to be done as 
a result of rate the hourly impulse will correct the pendulum, but will 
leave the hands permanently fast or slow to the extent of the largest 
Jast corrected error. The cam will take up whatever position is 
necessary to secure the right length of the pendulum, and as both 
it and the clock hands are fixed to the wheelwork the latter should 
be set to zero when the rate has settled down. The ideal synchroniser 
is one which both corrects the rate and sets the hands. There is no 
difficulty in this, and I have devised several ways of doing it. It 
simplifies the problem greatly, because if you zeroize the hands at 
each hour, the indicated error becomes the rate. Take, for instance, 
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the cam A of Fig. I and divide it into two insulated halves, as shown 
in Fig. О, as a commutator with two segments—A, A,—connected 
respectively with a raising or accelerating magnet B, and a lowering 


or slowing magnet B, The synchronising lever is a conductor from. 


battery, and if it habitually finds the cam slow it will operate the 
raising magnet which will wind up the capstan by means of an 
ordinary electric impulse dial movement, whereas if it finds the сап 
fast it will lower it. There is little use in making the correction pro- 
portionate to the error ; it will soon find zero and keep it. Give ita 
small correction constant and let it work off the rate at its leisure. 

The PRESIDENT: I now ask you to accord a hearty vote of thanks 
to Mr. Hope-Jones for his valuable paper. | 

The meeting adjourned at 10 p.m. 
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BALANCERS FOR THREE-WIRE SYSTEMS. 


By A. G. COOPER, Associate Member. 


(Paper received from the MANCHESTER LOCAL SECTION, Fanuary 20, and 
read at Manchester on February 8, 1910.) 


The author having been asked by some of his brother engineers as 
to the performance of a static balancer which he installed a couple of 
years ago, thought that some information on this point might be useful, 
so he considered to write this paper not only to cover static balancers, 
but to try to embrace the whole field of balancing, giving his own 
experience with some machines, and also to collect other useful infor- 
mation and still further to elicit particulars which he hopes will be 
forthcoming during the discussion. 

During the past two or three years articles have appeared in the 
Press on this subject, notably oue by Dr. Garrard on * The Theory of 
Static Balancers," but the author is unaware of any comprehensive 
paper on the subject being read before this Institution. 

The aim of every engineer is, of course, to balance his system, if 
possible, by judicious connecting up of his consumers, but it is 
impossible to do so for all hours of the day and days of the week, 
so he wants the most reliable and at the same time economical piece of 
apparatus to do the necessary when called upon. Frequent causes of 
out-of-balance current are arc lamps for cinematograph entertainments, 
but the author has declined to supply these except through motor- 
generators, as he found it was imperative to adopt this course on his 
small network. Не is pleased to say that he has a very small out-of- 
balance current, and it has therefore been necessary artificially to' 
produce the out-of-balance tests given later in the paper. ' 

There are several forms of continuous-current balancers, but the 
one most commonly used consists of two shunt machines mechanically 
coupled together, with their shunts cross-connected, viz, the field 
being connected to the opposite side of the system to that of the 
armature which is rotating in it, as shown in Fig. I. The two machines 
must be of such capacity that they are capable of continuously carrying 
a little more than half the observed out-of-balance current. It will be 
seen from Fig. 2 that the current flowing in the middle wire splits 
itself, part going through M and part through D. There will be more 
current through M than D, which in the diagram represents motor and 
dynamo respectively when the out-of-balance current is flowing in the 
direction indicated. The action of the machine depends upon an 
increase or decrease in voltage on either side of the system. If there 
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is an out-of-balance current on the negative side the voltage on that side 
will fall in proportion to it. This will produce a weaker field at A in 
which No. 2 armature is running. It now acts as a motor and increases 
in speed and drives No. 1 faster. The increased speed will naturally 
produce a higher voltage, which is still further increased by the field in 
which No. 1 is running, as it is connected to the positive side. The 
negative voltage will thus rise, but being the heavier side will still be 
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lower than the positive. The extent will be according to the design of 
the balancer. The machines act as dynamo or motor according to 
which side is out of balance. 

The following figures give the tests of a machine of this type 
capable of dealing with 150 amperes out-of-balance, at the same time 
driving two boosters 80 volts 80 amperes each on a 480-520-volt 
system. The machine was disconnected from the middle wire and 


driven as a motor and was found to take 8:3 amperes at 500 volts, 
viz., 4°15 units. The fields took 1°3 amperes, which are included 
in the consumption given. The boosters were not excited, but the 
armatures were mechanically coupled, so there would be the loss due 
to friction and windage. 

The voltage varied to the extent of 1 volt for every 10 amperes 
out-of-balance. This works out at 3 per cent. difference at full load. 
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Fig. 1 illustrates a good method of starter, and also a centre contact 
field regulator to enable the attendant to alter the voltage due to the - 
out-of-balance current so as to maintain the voltage equal or, if 
necessary, raise it on the out-of-balance side ; but this is not necessary 
unless it is desired to take charge of only a single feeder, because if it 
is running on the station busbars the voltage on one side to suit one 


FIG. 3. 


feeder would probably act detrimentally upon the other feeders, unless 
they were all out-of-balance on the same polarity. 

An improvement on the above figure, viz., 3 per cent, can be 
obtained by putting on some series turns to compensate for the 
armature drop, but to get the best effect and to avoid other complica- 
tions in case of a heavy short these coils should also be cross-connected 
(see Fig. 3). The action of the series winding will be as follows: 
The motoring current, which will be the heavier, will pass round the 
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dynamo fields in the samc direction as the shunt. current, thus pro- 
ducing a strong field. The dynamo current will also flow round the 
motoring side field, but in opposition to the shunt, which will have the 
effect of speeding up the armatures, thereby raising the voltage on the 
out-of-balance side. By over compensating the armature drop by 
additional series turns the out-of-balance side can be even raised 
above the opposite side. 

In Fig. 4 another form of balancer is shown. "This machine has a 
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single shunt field connected across one of the outers and the middle. 
It has a double-wound armature with a commutator at each end; 
This is rather a poor balancer and is really only a middle wire former. 
It is rated to deal with 25 amperes out-of-balance, but is only used for 
very light loads and during the early hours of the morning instead of 
running the larger balancer, as the author has no battery in his works: 
This machine was very much improved by using a more suitable type 
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of brush than was supplied with it. The power absorbed.to drive this 
machine is 1:125 k.w. per hour. | 

In Fig. 5 a balancer of somewhat similar construction is shown, 
inasmuch as it has a double-wound armature with a commutator at 
each end, but the armature is specially wound, one set of windings 
being shorter than the other, as shown in Fig. 6. This does not show 


the true positions of the conductors, as it is a 2-pole machine, the 
conductors being drawn thus for clearness. _ MER 

As the end-windings of the left-hand side are placed between the 
main and auxiliary magnets, the conductors from that end do not come 
under the influence of the auxiliary magnet. The main magnet is shunt 
wound and connected across the outers. The auxiliary pole has a series 
winding only, which is connected in the middle wire. It will thus be 
seen that the polarity will change according to which side is out-of- 
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balance, and the pole strength will vary according to the extent of the 
out-of-balance current. i 

The short lengths of the windings of the right-hand side will have 
voltage induced in them either in conjunction or in opposition to the 
remainder of the windings rotating in the main field. This type of 
machine has been in use for a number of years at Blackburn, and has 
given every satisfaction. It will maintain the voltage equal within 1 per 
cent. over the whole of its range. Thistype of machine, of which a sketch 
is given in Fig. 7, can be wound, I should think, to give a perfect 
balance or even to boost the out-of-balance side unless troubles are 
experienced with the magnetisation due to the weak currents when 
there is a small out-of-balance, or to the residual magnetism when the 
balance is perfect. This could be got over by having a shunt winding 
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and so work on a flatter point of the magnetisation curve and let the 
series winding help or oppose it according to its direction. 

The latest form of continuous-current balancer is known as the 
C.M.B. (see Fig. 8. This machine has only one armature, one com- 
mutator, and one set of brush-gear. This type has several advantages 
over other types of continuous-current balancers, such as high 
efficiency, combined with close regulation, small weight, and floor 
space occupied, little wear and tear as the machine is run on ball-bear- 
ings. It will be noticed that the armature which is ring-wound is 
divided into two equal parts by the short-circuited brushes ; the polar 
limbs are all equal in dimensions. The series compounding coils are 
arranged on all the poles, not only for the purpose of regulation of 
voltage, but also to balance the circulating current across the short- 
circuited brushes. It will also be noticed that the shunt coils are cross- 
connected. 

These efficiencies of these machines are 4 or 5 per cent. higher than 
can be obtained with two machines coupled together, and the price at 
the same time is lower. 

I do not think it necessary to give further particulars of this 
machine, as it was described in the technical Press only last summer, 
and has been reprinted in pamphlet form and largely distributed by 
the makers. ; ROC 
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STATIC BALANCERS. 


The use of static balancers or equalisers in this country has mostly 
been used in connection with rotary and motor-converter installations 
as it lends itself very readily to this class of work by making use of the 
secondary coils of the transformer, by connecting the middle wire of 
the system to the star-point of the secondary coils of the transformers 
which are supplying the rotaries. In the article referred to at. the 
commencement of this paper, this is shown to be bad from an efficiency 
point of view, and it is also shown to be better to use a separate static 
balancer than to use the secondary coils. 


Fic. 8. - 


The static balancer consists of a choking coil or a transformer core, 
wound with only one winding on each limb according to the number 
of phases used. The terminals are connected to equally spaced con- 
nections round the armature of the dynamo to` give the selected phase 
proposed to be used. From the slip-rings an alternating E.M.F. is 
obtained which is connected to the terminals of the choking coil 
shown in Fig. 9 as a 4-pole for clearness, which in this case is a 
3-phase balancer; the star-point is connected to the middle wire. 
When the system is balanced, there will be a strong choking action 
which will prevent any large flow of alternating current from the slip- 
rings. When an out-of-balance current flows through the balancer 
and the armature there will be a drop in volts due to the resistance, 
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but this will be shown later to be practically no greater than in most 
balancers, if the static balancer is suitably designed. 

The advantage of a static balancer, compared with an ordinary 
balancer, is that in the former case there are only brushes running on 
slip-rings, as compared with brushes on commutators, armatures, field 
coils, bearings, and starter, and also greater space required. They are 
high in efficiency and automatic in action. 

I find that some makers prefer single-phase, others 2- and 3- 
phase, but Dr. Garrard has shown that the greater the number of 
phases used, the better for regulation. For single-phase he gives a 
difference of voltage worked out on an assumed internal drop in the 
armature on a ro per cent. out-of-balance as 0'66 per cent., 3-phase 
0'58 per cent., and 6-phase 0'49 per cent., but I hardly think from a 
commercial point of view that it would be advisable to have more 
than three phases, unless the slip-rings are brought outside the 
bearings, as the increased length of the armature shaft will necessi- 
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tate a larger diameter and a larger bearing, which in a big machine 
would run up the expense, besides being undesirable from a 
mechanical point of view. 

The author has installed a 360-k.w. 8-pole dynamo 520 volts, 700 
amperes, 350 revs., fitted with slip-rings which are large enough to use 
the machine at full load as a 3-phase alternator if required. The 
static balancer is designed to deal with an out-of-balance load of 
170 amperes. The machine has a compound winding for traction 
purpose only,so it is run as a shunt machine when using the static 
balancer. It might be as well to mention here, that in the event of 
using a static balancer with а compound wound, ог a machine with 
commutating poles, the series winding must be split, half being con- 
nected in the negative side and half in the positive side of a generator, 
otherwise the static balances will not give the true middle—viz., the 
volts will not be equal between the middle wire and each of the 
outers, due to the lost volts in the series winding. 

Of course, this will not be noticed at no load, but the difference will 
be greater as the load increases. 

To take an example, assuming that at full load the resistance of the 
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series turns causes a loss of 1 per cent. of the armature volts in a 

500-volt machine, the neutral and one of the outers would be 5 volts 

higher than the neutral and the other side in which the series turns 

were connected. О Е 
The following tests were taken on the static balancer :— 


Per Per Cent. Full | Per Cent. Full 


i : + Volts. — Volts. | Difference. Cent. ior ui s of | 
Amperes. Volts. Per Cent. Per Cent. 
10 257'0 258:0 I'O 0'2 6 PEL 
43 257'0 2585 rs |о'3 25 бї 
бо 2570 2590 20 | 0'4 -35 85 
8o 256'5 ` 259'0 2:5 o's | 47 E II'4 


From the foregoing tests it is reasonable to assume that the dif 
ference in the voltage across the middle and the outers would not 
exceed т per cent. at the full load of the static balancer. The static 
balancer in the case mentioned has one-quarter of the capacity of the 
generator. If very heavy out-of-balance currents have to be dealt with, 
in proportion to the size of the static balancer and generator, then a 
middle wire booster can be attached to the machine to boost the out- 
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FIG. 10. 


of-balance side (see Fig. ro, which illustrates a rotary converter 
installation on the low-tension side). To vary the voltage, if required, a 
diverter resistance is fitted across the field which is series wound and 
connected in the middle wire. 

In conclusion, I wish to express my indebtedness to those who have 
given me information on this subject, and to the members of my staff 
who have assisted me in the preparation of this paper, and to apologise 
to my fellow section members for the brevity and shortcomings of the 
paper, but hope it may promote a good discussion. 


Mr. Peck. 
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DISCUSSION. 


Mr. J. S. Peck: I do not quite understand the arrangement of the 
machine with the two 80-volt 80-ampere boosters described on page 117, 
and would be glad if the author would make it a little clearer. In the 
same paragraph loss per kilowatt per hour is given. It should be kilo- 
watt-hours per hour, or units per hour, or simply kilowatt. It is also 
stated that *the voltage varied to the extent of 1 volt for every то 
amperes out of balance.” Does that mean there was a drop of 1 volt 
on that side, or the difference between the two sides was r volt? 
That is a point that has to be given some consideration in specifying 
regulation of balancers, because if the voltage across the outers remains 
constant, and the voltage on the loaded side drops т volt, the other 
side will rise т volt, and there will be a difference of 2 volts between 
the two sides. On page 121 it is stated, with reference to 3-wire 
rotary converters: “This arrangement is shown to be bad from an 
efficiency point of view, and it is also shown to be better to use a 
separate static balancer than to use the secondary coils.” I do not see 
why the arrangement in which the middle direct-current wire is: con- 
nected to the neutral of the transformer should be inefficient, as the 
secondary coils have a far greater 
cross-section than can be used ordi- 
narily in a separate static balancer, 
while if the coilsare properly arranged 
there is no magnetic effect from 
the direct current. If, however, the 
rotary converter is a 3-phase machine 
and the ordinary arrangement of 
3-phase transformers is used, the: 
direct current produces a strong mag- 
netising effect on the core, and the 
magnetising current of the trans- 
formers is increased greatly, and there 
is also an increase in the losses of 
the transformer. To avoid this difficulty the “interconnected star” 
system is used on the secondaries of the transformers. This system 
is shown in Fig. A. The secondary winding of each transformer 
is divided into two parts, the phases being cross-connected as 
shown. When direct current flows in at the neutral point it divides 
and flows in opposite directions through each winding, so that there 
is no resulting magnetisation from these currents. A similar arrange- 
ment should be used when a 3-phase static balancer is used with a 
direct-current generator. In designing static balancers for direct- 
current generators it must be remembered that the frequency is usually 
very low, and the induction in the magnetic circuit of the balancer 
must ibe kept much lower than the heating in the iron demands, 
for if the balancer takes a heavy magnetising current there is apt to be 
a flicker on lamps connected to the circuit. This is particularly liable 
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to occur with single-phase balancers. Two- and 3-phase balancers 
are used to avoid this difficulty, and also to give a more uniform 
distribution of current in the armature. 

Mr. Н. Gray: The first part of the author's paper is now pretty 
well standard practice, but I notice that in nearly all the illustrations 
of the ordinary type of balancer the fields are shown crossed. "This 
tends, of course, automatically to equalise the pressure on the two 
sides of. the middle wire. If it is in a place under close supervision 
there is no objection to this, but if a machine of this class is in a sub- 
station or other isolated position, and a heavy overload or short circuit 
comes on the distributors, serious damage is likely to occur to the 
machine. It may either run away through excessive weakening of the 
motor field, or flash over owing to extreme overload. This risk will be 
much intensified if crossed series windings are used. On page 123, with 
regard to the table giving the maximum out-of-balance (in the first 
column) at 80 amperes, I see that the maximum out-of-balance the 
machine was designed for is more than twice this, viz., 170 amperes. 
Apparently there was no load on the ‘outers of the generator unless 
there was a constant load on all tests. Of course both the amount of 
out-of-balance current going from the static balancer and the general 
output of the generator will make a difference to the equality of balance 
on the middle wire. We have at Accrington a 200-k.w. motor dynamo, 
the motor side generally running off traction generators and the gene- 
rator side supplying general supply. A static balancer is arranged to 
work off this latter side. I took a few figures the other day on this 
machine. The load on the outers of the generator side was varied 
from 4 load to full load, and the current out-of-balance taken from the 
static balancer from zero to roo amperes. With # load (300 amperes) 
on the outers and 100 amperes taken from the static balancer (which 
totals to about full load on the plant) the percentage variation on either 
side of the middle wire from the normal was 2'4 percent. This amount 
of variation is probably quite good enough for commercial working 
in the majority of circumstances. As regards the utility of a static 
balancing machine, in my mind a machine of this class is very much 
more useful than the ordinary balancer, and in the case of a short 
circuit affecting the middle wire it will stand up to the shock much 
better than a rotary balancer built for the same work. If a static 
balancer is right on the distributors for all ordinary classes of work, it 
will be. probably found quite satisfactory for commercial balancing. 
If a feeder intervenes between a distributor and the static balancer, it 
may be necessary during the hours of darkness to have a middle wire 
booster іп addition; but even in this latter case, during daylight 
working, no middle wire booster will be necessary. 

Mr. G. W. WORRALL : On page 119 Mr. Cooper refers to the improve- 
ment which he effected by changing the brush. If he can give any more 
information I should like to have it, as from my own experience the brush 
is avery important factor, more than the ordinary engineer realises. The 
author, first of all, says that it is nota satisfactory method “to connect 
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the middle wire to the star-point of the secondary coils of the trans- 
formers which are supplying the rotaries," and then he proceeds to 
advocate the use of a static balancer. In the La Cour motor converter, 
in which there is an induction motor on the same shaft as the rotary 
converter, the induction motor acts partly as a mechanical driver for 
the rotary converter and partly as a transformer ; that is to say, the 
rotor of the induction motor runs at half its synchronous speed, and 
the middle wire is connected to the neutral point of the rotor of 
the induction motor. Now this arrangement appears to possess the 
disadvantage of the transformer, and at the same time the advantage of 
the static balancer. In this type of machine the full advantage of the 
static balancer can be obtained, because the connecting wires from the 
rotor to the armature converter can be any number desired, there 
being no slip-ring connections. Another method of balancing some- 
times employed is to change over the station auxiliary plant from one 
side to another. I have seen this done with considerable success 
where the out-of-balance fluctuations are not very great. 

Mr. C. C. ATCHISON: The paper deals with a subject of interest to 
central station engineers and manufacturers. It is a very essential 
point for supply undertakings to be able to deal with their out-of- 
balance, and I am sure the particulars given will be of use to us all. 
No doubt central station engineers will have seen different types of 
balancers in the different stations they have been in, and I think Mr. 
Cooper has collected the main types together for us. Mr. Worrall has 
referred to the use of the auxiliary plant for purposes of balancing. 
That is all right, in the earlier stages, as far as my experience goes, but 
there is little doubt that the auxiliary plant later on becomes a very 
small proportion of the load, and the amount of switching over would 
almost make the arrangement impossible, I may say I did it originally, 
but when later I had to make certain other alterations, I pulled out the 
change-over gear and arranged for the station and auxiliary plant to 
balance as far as possible. In connection with the balancer booster, 
I do not know whether I have misread Mr. Cooper. He speaks of a 
booster set on page 117, which I take to be a booster for battery charging 
purposes. Mr. Cooper has spoken of having to deal with sudden out- 
of-balance. One does get on a supply system out-of-balances at certain 
times of the week which change slowly and regularly from time to 
time, but also out-of-balances which one cannot reckon to deal with 
because they come on suddenly, and are off again very rapidly. I am 
very glad Mr. Cooper has been able to deal with the question of cine- 
matographs, as these loads are very trying for a small undertaking, but 
when the consumer finds he only wants, say 60 to 80 volts, and has to 
pay fór units consumed based on a voltage of three or more times that 
pressure, he will probably wish to effect some saving, as by. use of a 
motor-generator, and so the trouble will sooner or later right itself. In 
Rochdale we have three permanent cinematograph entertainments, and 
about two occasional ones ; then the theatre requires much more light 
some weeks than others. When these occur, a balancer which will 
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rapidly deal with the extra demand and maintain a steady voltage, is 
absolutely essential Mention has been made of La Cour converters. 
I have heard that they were satisfactory at Manchester, but I would not 
like to put it on record as being correct. I put some in three or four 
years ago, hoping to utilise them for 3-wire supply, but the opportunity 
has not occurred, so I am unable to give any information regarding 
them. With regard to Fig. 6, I should like to know from those 
who have this type of balancer working whether it has turned 
out satisfactory, or whether they have found any special troubles 
with it. I believe it has been in use for a long time. Mr. Cooper 
mentions static balancers dealing with 25 per cent. out-of-balance. 
I would like to have, if possible, particulars of a generator capable 
of doing a certain amount of out-of-balance, what the extra cost 
due to the static balancer arrangement would be, and how that extra 
price would compare with a motor balancer set of similar balancing 
capacity. Mr. Gray has raised the question of dealing with out-of- 
balance either by a local balancing arrangement or a central balancing 
arrangement. It appears to me that with a fairly large network it 
would pay to balance up locally instead of relying on all balancing being 
done at one central point. Ithink that has been done in Manchester. 
With regard to double-wound balancer armatures, I remember a case 
some years ago where the experience of these machines was most 
unhappy. Recently I have had double-wound armatures in use, and 
although the machines did manage to work occasionally, it paid me to 
scrap them after a very short life and put in a single-wound armature. 
Cross-connected shunt balancers are pretty well able to take care of 
themselves on the ordinary loads, but with cross-connected series 
windings, although the regulation is decidedly better, there appears to 
be trouble at certain times. Throughout the main portion of their work 
they are extremely useful, but if a shut down occurs, or a short between 
the middle and one outer, the balancer drops out and it will be difficult 
tostart it again. To meet this contingency when there is only one 
balancer, it seems to me that there should be some switchgear arrange- 
ment for the machine in order to be able to put the two shunt windings 
in series across the outers, or else have the full voltage of the outers 
across the shunt of each machine, disconnecting the middle wire. Ifa 
short occurs between middle and outer, the excitation from that source 
of supply will cease, and in these circumstances it has paid us very 
well to have two balancers. The question of automatic regulators has 
been mentioned by Mr. Frith. It may be of interest to know that a 
couple of years ago I obtained quotations for such an arrangement, but 
it was altogether too costly, and I was obliged therefore to give up 
the idea. 

Mr. C. L. E. STEWART : I cannot help feeling what a very flimsy 
portion of an electricity supply the balancer is, compared with the rest 
of the plant. There may be fairly big machines supplying the load, 
and yet the whole supply is dependent on one or more small machines. 
The balancer shown in Fig. 8 is very complicated, and therefore 
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undesirable. In the event of a short coming on, even with a very 
big station, the usual balancing capacity is so small that quite a 
lot of damage can be done in a very short time. A-battery obviates 
this risk to a large extent. Mr. Cooper mentions the secondaries of the 
transformers in connection with the rotaries used as balancers. We 
have a direct-current 3-wire system and a high-tension 3-phase system. 
We use the centre of.the star winding of the primaries of our step-up 
transformers which are supplied with current from rotary converters. 
The secondaries are mesh connected, and supply the 3-phase system. 
The rotaries act as double-current generators and balancers. I have 
not taken any elaborate tests on them, but so far they seem to have 
done very well. 

Mr. J. FRITH : With regard to the difficulty sometimes experienced 
in starting up a 3-wire balancer after a short circuit, if the field wind- 
ings are excited in series from the outers with the middle wire 
connected to the blade of the common regulating resistance, this 
blade can be lifted, or moved on to an off point ; the fields will then 
be. given the correct polarity with which to start up again. No 
mention has been made of the various ways of accelerating the action 


‘of the balancers described for sudden loads, such as are typified by the 


Entz and Tirrell regulators. I do not know if the loads experienced 
in lighting work are sufficiently sudden to warrant this complication. 
I should like to know if the author has any experience with the various 
compound-wound voltmeters designed to show at a glance the pressure 
at the remote end of a feeder. 
Mr. A. S. L. BARNES: A. point not directly connected with the 
subject of balancers, but which a sentence in the paper has suggested to 
me, may be of interest to those 
present. The sentence I refer to 
is : * Frequent causes of out-of- 
balance current are arc lamps for 
Dynamo cinematograph . entertainments, 
but the author has declined to 
supply these except through 
motor-generators. . . ." Instead 
of a motor-generator for such 
work I would suggest the use of 
what may be called a motor- 
booster arrangement. I have 
never seen this arrangement 
described in any technical jour- 
nals, though the fact of my having 
been abroad for over five years 
might account for that. Fig. B 
shows the suggested arrangement, the two armatures being mechani- 
cally coupled together, the machines beingshunt wound. Two motor- 
booster sets arranged as above were installed some years ago ona 
system in which I was interested and have given every satisfaction, the 
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machines were smaller and cheaper, and the efficiency of transforma- 
tion was higher than it would have been had motor generators been 
installed. 

Mr. S. J. WarsoN : I think that the best form of balancer for a 
power station is a battery divided into two parts across the 3-wire 
system left continuously on the mains. If adjustmentsare made so that 
a slight discharge is always being given, they will deal very well with 
the small out-of-balance which one usually obtains. The question of 
balancing cinematographs has been raised, апа it may be of interest to 
state that I have got over the difficulty by running a short middle wire 
direct from the generating station to which the services to the cine- 
matographs are connected, so that the disturbance which previously 
existed and which was liable to cause a variation in the supply pressure 
to other consumers is now entirely restricted to those users who actually 
cause the variation. When this can be done at a comparatively small 
cost, I am inclined to think it is quite the most satisfactory cure for the 
trouble. The actual cost of running this middle wire with four or five 
services was a matter of £70 or £80. I believe Mr. Atchison mentioned 
that the best practice is to supply at 440 volts from the outers and let 
the users cut it down to бо volts. Under the Cinematograph Act, which 
has recently become law, it is permissible to take into the cinematograph- 
room a pressure above roo volts, so that if the inspectors insist on the 
regulations being carried out, motor-generators will have to be used 
in all cases where the supply pressure exceeds 1oo volts. A rather in- 
teresting point was mentioned by Mr. Frith concerning compound- 
wound voltmeters. It would be quite easy to make a voltmeter of that 
kind, but considering that many feeders which run from power stations 
are only 2-wire, and that the middle wire of the distributing mains may 
at times have to carry an appreciable balancing current, the reading of 
such voltmeters would not give a correct record of the pressure 
at the feeding-points. With regard to balancing machines generally, 
I may say that we originally put in a 2-machine balancer, shunt 
wound. ОЁ course these machines did not automatically deal 
with out-of-balance currents, but were hand regulated. We also 
tried connecting the shunts, but found the results still unsatisfactory. 
We then carried out an arrangement similar to that shown on 
Fig. 3, where the whole of the middle wire balancing current 
from the network is carried round the poles of one machine in one 
direction and round the poles of the other machine in the other 
direction ; this works very well. It has the disadvantage that in the 
event of a short between the middle wire and an outer the fuses will 
probably blow, but I don't think that matters very much if the battery 
is still on the busbars. It is very desirable that there should be a short- 
circuiting switch to cut the windings entirely off the balancers. A 
disadvantage of any balancing arrangement is that there is nothing to 
compensate for out-of-balances on any particular feeder, but only on the 
station balance as a whole. The question of static balancing, whereby 
connections to slip-rings are taken from direct-current armatures, has 
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been mentioned by the writers of previous papers, but I am not 
altogether sure that it is advisable to interfere with the construction of 
the usual direct-current machine in order to get both alternating and 
direct current, because, as a rule, the speed and number of poles of a 
direct-current machine will not give a suitable periodicity to allow the 
alternating current to be used for other purposes in addition to 
balancing. 

Mr. COOPER (in reply): Mr. Peck asks what I mean by the boosters 
taking 80 amperes 80 volts. Mr. Atchison touched upon that point, 
and what he said was practically correct. The machine described is a 
balancer to which two battery-charging boosters are attached. I gave 
particulars of them, as the armatures were mechanically connected, 
and therefore had to be considered in taking the consumption of the 
machine in order to allow for friction and windage losses. The 
question of kilowatts per hour was an oversight and should be units. 
In reply to his query as to 1 volt per ro amperes it should be a 
difference, so that it is equivalent to à volt on either side of the 
mean. Dr. Garrard gave reasons which have practically been covered 
by Mr. Smith on the question of having a separate static balancer 
instead of using the secondary windings. The magnetising current 
was too small to operate the wattmeter I had at my disposal. Mr. 
Peck also called attention to the table of voltages taken on the static 
balancer. They were taken on ordinary instruments on the switch- 
board. I obtained other intermediate readings from 43 to 8o, which 
showed a straight line, and therefore the readings are correct. With 
regard to the question of the balancer shutting down and reversing its 
polarity, this is overcome by having the shunts of the balancers 
separately excited through a shunt-breaking switch off the busbars ; 
so that on running up again the polarity will be correct so long as the 
busbar polarity is right. This is the arrangement the author has in use, 
although not shown on the diagram. In reply to Mr. Gray, who asked 
if there was any load on the dynamo, the machine was slightly under 
half load. There were about 300 or 400 amperes on that machine when 
these figures were obtained. Mr. Gray apparently does not get nearly 
such good figures on his static balancers. "These figures were 
questioned some little time ago in Glasgow in discussing the suitability, 
or otherwise, of static balancers. Whether I have got something 
special in the way of balancing I do not know, but these figures are 
absolutely correct as regards the difference in the current ; they were 
taken on a good standard instrument. The change over of the station 
auxiliaies seems a little out of date. With regard to what Mr. 
Atchison has said, I had intended to look up the cost. The extra 
figure I paid for the machine was £130. The total cost of the com- 
bined set was £2,480. The plan of having balancers at all the feeding- 
points would mean extra labour, and what would be saved in cables | 
would soon be spent in running costs. I find that the difference of 
the current of the two machines will always be alike, that is to say, the 
motoring armature will have 16 amperes more than the dynamo end, 
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In other words, it takes double the current at half the volts that it takes 
to drive the machine light. If it is desired to boost the out-of-balance 
side, a mid-wire booster can be attached, as shown in the last diagram, 
although I do not consider it necessary if a difference of only 2:5 volts 
can be obtained with an out-of-balance of 80 amperes. Mr. Stewart 
remarks about balancers being flimsy. I have not found it so in my 
case. It would not pay to run a balancer of such a capacity that it 
could deal with heavy short circuits, and the same objection would 
apply to having dynamos also of such capacity. Mr. Frith asks about 
sudden loads. In small stations like ours we do not cater for them, 
but if compelled to supply we put them across the outers. The 
ordinary out-of-balance loads that come on the balancer deals with 
quite satisfactorily. In reply to his query regarding special voltmeters 
for recording the voltage at the end of the feeder, such instruments are 
made, but they do not give the actual voltage, they only give the cal- 
culated voltage, by having a series winding acting against the shunt 
winding. This complication can be avoided, and the same results 
obtained by having a table of voltages for the given loads. Mr. Barnes 
has sketched a motor-generator for cinematograph work, which 
possibly might save a little in efficiency over an ordinary motor- 
generator, but it is certainly more complicated. I have two cinemato- 


graph entcrtainments in Colne, and have put in motor-generators, and - 


they answer extremely well. In reply to Mr. Watson, the motor- 
generators cost from £50 to £60 each. It was quite impracticable in 
our case to run a special wire as he has done, as they are a long 
distance from the generating station, and I do not quite understand 
how it can be done except by taking a tapping off the battery or 
running a special balancer. I do not consider a static balancer 
complicated, as it only needs slip-rings on the dynamo. 


Mr. Cooper. 
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SOME NOTES ON STANDARDISATION OF ELEC- 
TRICAL MACHINES. 


By К. ORSETTICH, Member. 


(Paper received from the BIRMINGHAM LOCAL SECTION, February 9, read at 
Glasgow on March 8, and at Birmingham on March 9, 1910.) 


The last papers dealing mainly with the manufacture of electrical 
machines were those of Messrs. Scott and Esson in 1903, and they had 
in view principally the construction of large machines. Since that 
time a large number of important developments have taken place, 
which, without causing any striking departure, have changed very 
considerably the position of the electrical industry. Amongst the 
most important ones are those connected with the increase in speed 
and output which made the present turbo-generators possible, the 
adoption of the interpolar and compensating windings which have now 
become a normal feature of continuous-current machines, the advent of 
the single-phase commutator motor for power and traction work, the 
several electro-mechanical systems of balancing fluctuating loads which 
are employed for winding gears and rolling-mill service, the use of 
separate forced ventilation on large units, together with the adoption 
of special steel alloys for the laminations, and many others. The least 
apparent, however, but one of the most important steps, appears to me 
to be the improvement in the nature and systems of insulation and the 
far greater care taken in the execution of all details, which has resulted 
in making the present electrical machine a thorough mechanical unit. 

The price of all classes of electrical machines at the same time has 
been reduced considerably. The price of the materials, and especially 
of copper, has risen considerably in the last ten years, and it is there- 
fore apparent that the reduction in price must have been brought about 
only through improvements in the design and in the arrangements for 
the manufacture. Increased competition having on one hand reduced 
greatly the profit, but on the other having increased almost in the same 
proportion the cost of the commercial departments required to obtain 
the orders, the percentage of the price required to cover these two 
items has remained practically the same. 

The author proposes to discuss mainly in this paper some of the 
arrangements generally adopted for production, as numerous papers 
have been published from time to time dealing with the changes 
and improvements, purely from a designer's point of view. The 
continually increasing field for the use of electrical machines, and 
the competition for new markets have necessitated the adoption of new 
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measures in the design and manufacture, so as to make the machines 
comply with a large number of various requirements and stricter 
specifications, and at the same time enable them to be produced 
cheaper and better. The sum of these various measures is commonly 
included under the headings of “Standardisation” and “ Production 
in Quantities." 

The standardisation consists in selecting for manufacture a definite 
number of types and sizes as answering average requirements and in 
designing them in such a way that they are eminently suited for pro- 
duction in large quantities. All details of these types must be fixed so 
as to make it possible by partial modifications to fill requirements of 
special conditions with the minimum of alterations to patterns and 
stock, and therefore with the minimum of expense. 

The production in quantities has the object of reducing the cost 
connected with putting the machine through the shop by distributing 
this cost, which is up to a certain extent independent of the quantity 
over a large number of machines. This cost comprises office work, 
such as designing, drawings, issuing of instructions to the shop, the 
cost of procuring, inspecting, and testing the materials, the making of 
special tools and the setting of these tools to work. The general shop 
management expenses and the inspection and testing of the finished 
products are also included to some extent. The manufacture of large 
quantities of the same type also enables the shop to acquire the 
materials in larger lots and therefore in the most suitable market, 
with consequent reduction in cost. It further enables the shop to 
adopt all modern methods of checking interchangeability of parts by 
the use of limit gauges and jigs, which would be too expensive if only 
a few machines were made. The flow of materials through the shops 
can be arranged in a uniform way so as to keep all departments equally 
busy. The benefit of keeping one's workmen constantly employed on 
the same line of work shows itself in the increased skill they acquire 
in the performance of the operations or in the handling of a given 
machine. The time required for the work is in this way reduced to 
the minimum, as well as the time lost in between operations, and the 
efficiency of the machine tools becomes higher, whilst the man at the 
same time obtains part of the gain in some form of bonus for his extra 
exertion. There are, however, several disadvantages which must be 
considered, such as reduced flexibility in the manufacture, which makes 
very troublesome and undesirable any alteration from the standard, 
however small; also the longer time required for producing any new 
article owing to the necessity of making samples to avoid errors, which 
would be multiplied into very large figures. 

The requirements of the market being of a fluctuating nature, it is 
impossible to fill the demand otherwise than by estimating the average 
requirements over a period corresponding to the time necessary for the 
manufacture of the goods. From the above it follows that the condi- 
tions for carrying out successfully the production of machines on a 
large scale should be :— 
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I. To manufacture for stock only and not for individual orders. 

2. To have as few types as possible and to use as many parts as 
possible in common amongst the different types. 

3. To concentrate the aim of the design in the production of 
perfectly interchangeable and mechanical details, even if the 
cost of machining is somewhat high, with a view to reducing 
the cost of assembling the different parts, which can only be 
done individually. 

4. Regularity of the demand of the market. 

5. Even and continuous supply of raw materials and labour. 


COMMERCIAL CONSIDERATIONS, 


The requirements of the selling side of the business have to be taken 
into careful account when fixing the basis of a line of machines. This 
usually offers great difficulty, as it is generally found that they are almost 
in direct opposition to the requirements of the shop. А compromise 
has therefore to be arrived at embodying the most important 
propositions from either side. 

I. Number of Types.—The salesman in his daily touch with com- 
petition requires the number of types which he can offer to be kept as 
high as possible, so as not to be underbid by another salesman offering 
a type which comes nearer to the requirements of the client. The 
shop will find that this necessitates a much larger capital outlay in 
` stock and plant and a much smaller turnover on each individual type 
than if only a small number of different patterns should be adopted. 
The designer will find it to his advantage to agree as far as possible 
to the large number of patterns, as it will be easier to find in every 
instance a suitable type to fill any specification, and also because it 
will have the effect of reducing the number of alterations to standard 
machines. The recommendations of the Standard Committee, who 
went into this matter very thoroughly, have unfortunately not met with 
complete success, because they reduced the number of sizes below 
what had been accepted as normal practice by a number of firms. 
These, having already gone to the expense of producing a larger 
number of patterns which represented a large investment, could not 
agree to this reduction, so that at the present moment most firms 
still manufacture many more sizes than are mentioned in the Com- 
mittee's report. My experience is that for a line of standard continuous- 
current machines between 1 Н.Р. at 2,000 revs. per minute and roo Н.Р. 
at r,ooo revs, per minute there are usually employed from eighteen to 
twenty types, and practically the same number for a line of 3-phase 
motors between І Н.Р. at 1,500 revs. per minute and тоо Н.Р. at 750 
revs. per minute. These numbers are based on an approximate 
output of some 500 machines per year of the smaller size up to about 
25 machines per annum of the larger size. Of course, should the 
expected yearly turnover be less than this the number of types 
would have to be reduced somewhat, so as to keep the initial expendi- 
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ture within smaller limits. For the splitting up of machines of larger 
outputs into types technical considerations are more decisive, and these 
will be discussed later on. 

2. Delivery.—A few standard types should be always available for 
immediate delivery. This necessitates the keeping of a stock of fully 
finished machines wound for current voltages and speeds. This does 
not offer any difficulty in connection with continuous-current machines, 
as the great majority of the supply companies and corporations 
have arranged their mains on the 3-wire system, with 460-500 volts 
between the outers. Motors up to 3 H.P. are allowed between an 
outer and the neutral; larger sizes must be connected on the full 
voltage between the outers. With the addition of a few larger motors 
up to 25 H.P. wound for 230 volts as required by small independent . 
plants, the stock is quite complete. With alternating current the 
matter is very much more difficult, as one has single-phase, 2-phase, 
and 3-phase supplies, the voltages of which vary considerably as 
well as the frequency. For 2- and 3-phase plant, the most usual 
ones appear to be a.voltage of 440 and a frequency of 25, 40, and 5o. 
For single-phase the matter of fixing a stock is almost impossible, 
owing to the frequencies ranging between 25 and 133. 

Next in importance is the delivery of semi-standard machines— 
that is, machines which are obtained by adapting the ordinary type 
to special requirements, such as special voltages or abnormal speeds. 
This would be effected either by winding a standard armature or field 
with a special set of coils, or by fitting a longer commutator to an 
otherwise standard machine. 

3. Flexibility of Types.—As it is a most difficult matter to fix the 
exact amount of power required for performing certain work, and as 
this might even vary at different times of the day, machines have to be 
made with ample margin in all directions—viz., mechanical strength 
heating, sparking, wear, etc. The recognised six hours' run with a 
definite temperature rise, whilst it is perfectly sufficient to cover the 
responsibility of the designer, does not help the salesman whenever a 
client finds that the motor is just below his expectations. Shunt regu- 
lation in continuous-current motors, together with overloading capacity, 
is one of the points which offers most of the difficulties. 

4. Special Machines.—These cannot be entirely avoided, as it is 
impossible to make standard machines cover.the entire range of appli- 
cations. It is a most complicated question to inquire into the extra 
price that should be charged for the making of an entirely special 
machine. This price should not only cover the expense of design, 
drawings, and patterns, which are usually included, but the extra 
attention required in following it through the shop, the delay caused 
by stopping important work at the machine tools, the extra adjust- 
ments in fitting a new design together, and the risk of alterations after 
test, due to its novelty. The whole of these items cannot be expressed 
in} figures, and can only be guessed from experience, and for this 
reason it will be impossible to persuade any one not connected with 
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actual manufacturing that such jobs are hardly desirable from the 
turnover and profit point of view. Even if a firm does not wish to 
undertake this kind of work, it will sometimes be unavoidable if special 
machines are required in connection with large contracts for standard 
work. It will therefore be in the interest of the designer to keep the 
standard types always in front of him when dealing with this kind of 
special pattern, so as to reduce the expense for new parts to the 
minimum and at the same time give a reasonable delivery. As 
examples, one could quote a 25 H.P. continuous-current motor for 
100 volts and 2,800 revs. per minute, as often required for driving 
centrifugal pumps. 

The Store Department.—Successful manufacture is necessarily based 
on the smooth operation of the department concerned with the supply 
of raw materials, and it will be well to begin by considering the 
organisation of the store department. Exact knowledge of the position 
of this section of the works will enable the designer of the machines 
to move within practicable and economical limits as much as the 
correct knowledge of the requirements of the designer will enable 
the storekeeper to run his department as a really useful auxiliary to 
the shop. | 

(a) Materials.—The materials to be kept in stock have to be fixed by 
the engineers with reference to the nature and extent of the manu- 
facture, and a schedule of standards has to be drawn up stating the 
number and quality of the different materials ; of cach kind a definite 
number of varieties only is accepted, and no deviation is allowed from 
these unless special permission is obtained from the management. 
Charcoal iron sheets, for instance, will be kept in stock in certain 
thicknesses only, say of 16, 19, 24, and 29 S.W.G. ; copper and brass 
rods in standard-drawn sections of &, ү, 4, fe, % in. etc., in diameter. 
Special sections which are not obtained in the trade should be avoided 
whenever possible, but if indispensable, their number should be 
definitely fixed and rigidly adhered to., 

In a similar way tables should be prepared for steel bars, mild steel 
‘keys, copper sheets, micanite, fibre, etc., bolts, screws, nuts, and rivets 
require similar limitations, not only as regards size, but also as to 
length ; copper wire should be distinguished in bars and insulated, 
and the latter again in two or three sections according to the thickness 
of covering, braiding, etc. 

At the same time, specifications have to be prepared giving full 
particulars of the material, the tests to which they have to comply, 
and the limits for their acceptance. The inspection of incoming 
materials is no light task for the storekeeping department, and in 
large works requires a wide experience and often scientific training, 
this all the more as the inspector has very often to exercise his own 
discretion as to the advisability of accepting certain material, which 
might not be to the letter of the specification without being faulty, and 
the rejection of which might seriously handicap the shop output. 

(b) Amount of Stlock.—The variety of materials required excludes 
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the possibility of individual attention to the oscillations of the amounts 
kept in stock. The stores must therefore work on a basis of automatic 
replacement, keeping the idle stock down to the minimum without 
running the risk of not being able to supply the current demand. This 
is done by fixing maximum and minimum limits of stock. The maxi- 
mum is settled on practical considerations of the value of the stock, 
and the smallest amounts which it is advisable to put on order at any 
time. The minimum limit is fixed on the basis of the time required 
to replace the material so that a zero stock should not be reached under 
any conditions. These two limits cannot be taken in any way as 
absolute quantities, but must vary according to the conditions of the 
sales of the finished machines. It is therefore important that the 
limits should be revised periodically, and for this purpose it is advis- 
able to show on the cards, on which the oscillations and the positions 
of the stock are usually cntered,-the amounts used over regular periods 
of any three months. By glancing at these totals, it is possible at any 
moment to see whether the demand for a certain piece is increasing or 
decreasing, and this shows at once whether a revision of the limits is 
required. А point of importance in settling the numbers which have 
to be kept in stock is the consideration whether a certain part will be 
used in the form in which it is stocked or whether it is to be subjected 
to further modifications limiting its range of application. For each 
frame of a machine, for instance, which is used in the form in which 
it is kept in stock, it would be necessary to keep in stock two or three 
armatures, because these are intended to be stocked wound for dif- 
ferent voltages. 

(c) Stock in Progress of Manufacture.—In addition to raw materials a 
large quantity of the stock consists of half or fully finished parts, and 
this kind of stock can be kept in three different ways :— 


1. Only parts which are common to several types being built for 
stock, all other parts being manufactured to fill а definite 
order. 

2. А more advanced stage is when in addition also parts belong- 
ing to individual types are manufactured in advance and 
kept in stock, because of their requiring either a long time 
to obtain the material or because the machining has to be 
done with special care or with expensive appliances. The 
windings of the machines would also come under this class. 

3. The third stage, and the most complete one, is when all parts 
without exception, belonging to any of the machines manu- 
factured, are kept in stock, so that all machines are assembled 
complete from the components. "The third stage, of course, 
is the ideal one, but is only possible when there is a large 
demand for entirely standard and identical machines. 


The usual condition for an average factory would be corresponding 
to stage No. 2, because this combines the advantages of a fairly flexible 
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system with minimum expenditure. The parts are made up to a point 
where they can be worked in either for an entirely standard machine 
or for a special type, or, on the other hand, any part can be omitted 
from a standard machine so as to make it answer to a particular 
specification, such as, for instance, the manufacture of a line of con- 
tinuous-current motors, where the complete shells, shafts, commutators, 
brush-gear, terminal-boards, and armatures are each kept in stock, to be 
assembled into standard machines whenever the occasion arises, and 
where at the same time a special longer commutator for a lower voltage 
can be used when required without necessitating any other alteration 
but a change of the commutator itself and the brush-gear. 

One of the points of great importance in dealing with standard 
or semi-standard machines is that whenever an alteration is required 
in a standard design for any reason, the machine has always to be 
assembled from components, and the alteration must not be done 
under any conditions fróm a finished machine. This because, first, 
the parts which are substituted have already been used once, even 
if only for assembling, and therefore cannot be regarded as new parts ; 
secondly, because it is difficult to watch that these are returned to the 
storeroom in good condition ; and finally, and above all, because the 
cost of assembling the machine originally and of disassembling for 
the alteration will be entirely lost. 

Another question of importance in the handling of stock parts 
is to be found in the method of allocating the stock to the different 
orders. This can be done either by entering on the stock card a 
requisition for the number of parts to be used for a certain order, 
and regarding these parts as being appropriated for this order whilst 
they are remaining on their shelves. In this system the “ minimum” 
quantity might be reached on the card at any time, whilst a larger 
number of parts still exists in the stores. The other system consists in 
removing the parts as soon as requisitioned for an order to a different 
part of the shop where all items belonging to a certain order are 
collected. This second method has the disadvantage of requiring 
an additional handling of the material and of tying up parts before- 
hand and in advance of the time when they are actually required. 
The expenditure for stock is therefore higher than with the other 
method, but at the same time it is safer, as it makes absolutely certain 
. of the parts being in existence and not only on paper. | 


MECHANICAL CONSIDERATIONS. 


In dealing with the standardisation of a new line of machines the 
subject can be divided into two sections: one containing general 
measures affecting all sizes, the other dealing with the arrangements 
for making any one machine most suitable for the conditions of 
manufacture already explained. 

The considerations of the first kind must be affected by the extent 
of the intended manufacture, as a very thorough and rigid standardisa- 
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tion of every part individually can only be carried out if the number of 
machines to be produced is very large. In the ordinary course for an 
average manufacture of A few hundred machines of each size per 
annum the main consideration will be to keep the cost of patterns 
and tools within reasonable limits, and to try to use the same part 
over again in common for different sizes. 

General Standardisation : (a) Diameter of Bore.—This will be fixed as 
a starting-point of the whole line of machines and will be based on the 
most suitable dimensions to obtain a given output. The length of 
the core will have to be settled at the same time, and here the great 
question arises as to whether there should be one or more lengths of 
cores for each diameter. For continuous-current machines where the 
types of the frame and the number of poles are settled beforehand, it is 
always advisable to have a separate diameter for each length unless 
the manufacture is very small indeed. For alternating-current 
machines, where the same frame can be used for two or more 
lengths of core or different numbers of poles, it will be quite 
satisfactory to reduce the number of diameters and obtain the 
required number of types by having two lengths for each. The 
longer one can preferably be used for a smaller number of poles 
than the narrow one. 

(b) Commutators.—The length of the commutators should be made 
sufficient to carry the amperes corresponding to a voltage of 230, 
with the maximum output allowed for in the standard list. As com- 
mutators are intended to be kept in stock as finished articles it will not 
be advisable to reduce this length when the motor is supplied for 
higher voltages, especially as the excess in length will be reduced 
when narrow brushes are used for a higher voltage. The question of 
using a longer commutator than standard for very low voltages has to 
be considered, and space has to be allowed for this purpose on the 
shaft of the machine. 

(c) Slip-rings.—The position of the slip-rings of a line of machines 
has not been finally agreed upon by designers. It would appear that 
the best position would be in a place corresponding to the commutator 
on continuous-current machines, but as the connections between the 
winding and slip-rings cannot be made in the same simple way, and as 
there is a great chance of dust lodging itself in between adjacent rings 
working with high difference of potential, it appears that it is very 
advisable to fix these on the outside of the bearings and to carry the 
connections through a hole in the shaft. In this way they can always 
be easily cleaned and inspected and made enclosed or protected as the 
case may be. "The shaft length between the bearings is not increased, 
a point which is of great importance in view of the very small clearance 
between stator and rotor. Asa disadvantage must be mentioned that 
the shaft cannot be extended on both sides as required sometimes for 
crane motors. 

(d) Small Parts.—Small parts, such as terminals, brush-holders, 
spindles, insulating bushes, will be always arranged so as to be suitable 
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for several types. The terminals will either be arranged individually 
on small pedestals and assembled on any machine to suit the current, 
or else on standard slate slabs, classified bythe current which they 
can carry. The centres of different slabs should be kept the same, so 
that any machine could be fitted with a heavier or lighter terminal 
whenever the winding specification is issued. i 

Individual Standardisation : (a) Frame.—The frame, made of cast- 
iron for the sake of quick delivery, should be shaped in such a way so 
as to be suitable for use as a semi-enclosed machine—that is, one in 
which the openiugs over the commutator and at the shaft end are left 
without any further protection. It must at the same time be suitable 
for conversion into a protected machine by the addition of small 
stamped or perforated covers, which prevent the entrance of foreign 
matter. These covers will be of the solid type whenever the machine 
has to be used as enclosed. Two further varieties would be the 
“enclosed ventilated" and the “dust-and-gas-proof” one. The first 
is a machine where the openings are shaped so as to prevent the 
entrance of water or rain, and can be produced without requir- 
ing any structural alteration of the standard frame. The second 
one in late years has been abandoned in favour of the “ explosion- 
proof" type, the experiments carried out with several makes having 
proved that it is impossible to prevent the entrance of gas into a 
machine, however well enclosed, and that in cases where this is 
dangerous the only protection is afforded by making the frame with 
accurately machined joints and sufficient mechanical strength to with- 
stand an internal explosion. А specification of this kind, however, 
requires the making of an entirely special pattern, and cannot be 
provided for in the standards. The construction of the frame is also 
affected by the question of the commutating poles, which are often 
required to be added. In machines with fairly large diameters it will 
be still possible to retain round poles, which are the most economical 
as far as weight of copper is concerned. The commutating poles will 
then have to be fixed either on flat facings provided on the inside of 
the shell and bolted on from the outside, or else will be secured by 
means of one large central bolt forged in one piece with the com- 
mutating pole. In the case of machines where the pole-pitch is 
kept rather small, the addition of commutating poles will make the 
space for the winding of the main poles so restricted that it will be 
necessary to adopt a square section of poles, and therefore square 
ficld spools. The most suitable way to make these poles will then 
be to assemble them out of laminations in a similar way to what is 
done for the poles of synchronous machines. This would be all the 
more advantageous if there are two lengths of core for each diameter, 
because one die only would serve two machines. The method of 
fixing this type of poles as well as the commutating poles will then be 
by machining all round the internal cylindrical surface of the shell, and 
bolt the poles to it from the outside. This method will result in a 
slightly increased expenditure on the labour for fixing the poles, due to 
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the fact that it is not advisable to cast-weld the laminations in the 
iron of the frame, as is often done for round poles, but it will reduce 
in its turn the charge for fixing the commutating poles as well as do 
away with the cost of making separate pole-shoes, these being punched 
in one piece with the pole itself. A point to be considered in the 
settling of details of the frame will be the advisability or not of having 
an entirely open frame, with bearing of the pedestal-type to take the 
place of the protected-type machine. This is very often required, 
especially for direct-coupled sets, on account of the better ventilation 
and the easy access to all parts as well as because of the better appear- 
ance of the unit in itself. As there is not a very great sale for the 
last type of machine, it would not be advisable to have a duplicate 
pattern for all sizes, but it will be sufficient to start from units of some 
I2 in. to 15 in. in diameter, both for continuous-current and alternating 
types. 

(b) Bearings.—The recognised type of bearings for small machines 
is the “ shield " type, in which the bearing itself is fixed on a spigot all 
round the frame by means of bolts. The first question to settle will 
be the diameter of the bushes, namely, whether both should be alike 
and interchangeable, or whether the one at the driving end should be 
stronger than the one at the commutator end, respectively at the slip- 
ring end. After some consideration it will appear that, both from 
the customers' and from the manufacturers' point of view, it is advisable 
to keep both bearings alike, as the saving in using a large and small 
bush is hardly worth mentioning. The bushes will be conveniently 
made of phosphor bronze, as they offer the least wear combined with 
minimum of weight. They can, however, be made in white metal for 
diameters above 3 in. The bushes will be fitted with suitable oil 
grooves on the top half and with draining rings at the two ends so as 
to prevent the oil from creeping along the shaft. The bolts holding 
the bearings must be arranged in such a way that the bearing can 
be turned by 9o? or 180? when the motor is required to be fixed to the 
wall or ceiling. For this reason it will not be advisable to cast the 
feet of the machine on the bearing brackets, as is done by some firms, _ 
even if this might result in a slight saving in the price of the frame. If 
the feet are on the bearings, to avoid the necessity of supplying new 
castings whenever a different position of the feet is required, it will 
be necessary to turn round the bearing bush together with part of the 
bearing centre carrying the oil well, but this, besides being an expen- 
sive arrangement which will wipe out the saving in the shell, will 
also carry with it the danger of oil leakage from the joint. A great 
advantage will be found both for manufacturing and storing in making 
the two end shields of the machine alike, and this both for alternating- 
and continuous-current types. In this case the frame will be made 
perfectly straight or slightly curved to give a pleasant appearance to 
the machine, and the two bearings can be of the shield type of the 
same outside diameter as the frame. In another design they are made 
in the form of small discs and the frame is brought down at the two 
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ends to the diameter of these discs. Both constructions are equally 
satisfactory, but the first one is very much stronger and affords a much 
ampler space all round the commutator. А similar construction can 
be adopted for 3-phase machines, and especially if the slip-rings 
are placed outside the bearings. Some firms adopt the plan of putting 
the slip-rings inside the bearings for the purpose of using the same 
type of bearing brackets for the continuous-current machines and for 
the alternating ones. This has a good deal of attraction from the 
stores point of view, and should be recommended excepting for 
the objectionable position of the slip-rings. The main point 
claimed—viz., the reduction in cost of patterns—cannot weigh much, as 
a duplicate set of patterns would be required if the output in these 
types is at all large. 

(c) Reduction Gear.—This is an addition which is very often 
required to standard machines, and provision must be made in the 
standard design for it. The usual way is to fix a set of bearings cast 
in one piece on bosses provided on the outside of the frame. "These 
bosses, however, have to be cast on specially, so that a small stock of 
frames will have to be carried on this account. The best arrangement 
from the manufacturing point of view is to fix the countershaft of 
the reduction gear on a separate stool fitted with two bearings and to 
mount the motor on this stool. The two bearings can be taken from a 
standard machine of larger size. The space taken for the combination 
is the same as taken for the plain motor, but the method has the 
disadvantage of being rather expensive, and of raising the centre of 
gravity of the motor from the floor-line. A third arrangement put 
forward by some makers is to fix the countershaft on two brackets 
which are fixed to the outside flange of the bearing brackets. The 
distance between the bolts for fixing these brackels can be the same 
as the distance between the bolts for fixing the end shields, so that the 
countershaft can be rotated round the motor in a number of positions. 
In this construction, of course, the body carrying the self-oiling bear- 
ings of the countershaft must be rotated round so as to bring the oil 
. well always into the vertical position. The advantage of construction 

of this kind would be that the countershaft could be fixed on the 
machine at any time after it has left the shop without requiring any 
structural alteration. 

(d) Spider.—The necessity of adopting a spider in the armature 
has been debated very often between different designers without a 
definite conclusion being arrived at. There is no doubt that there is 
some advantage in having a spider to which to fix the stampings and 
the commutator, so that the shaft can be withdrawn at any time, 
either for repair or to exchange it with a shaft of different dimensions ; 
but at the same time it must not be overlooked that the adoption of 
a spider carries with it great inconvenience ; for machines with an 
inside diameter of the stampings of то in. or less, the addition of a 
spider would mean an extra expense, as the value of the stampings 
which are saved is not sufficient to balance the expense in material 
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and labour in making the spider. Also in smaller types the thick- 
ness of the centre boss of the spider will become so small 
that it will be hardly possible to make it in cast iron satisfac- 
torily and this will necessitate making it in steel. The ventilation of the 
stampings of the armature will be particularly handicapped by the 
presence of a spider, and the diameter of the commutator boss will 
also be increased to admit its being mounted on to the extension of the 
spider, so that there will be hardly any space left for ventilation. 
From the manufacturers point of view no spider should be used up to 
an inside diameter of stampings of Io in. 

(e) Terminals.—Apart from the question of the size of the terminals 
which has been already mentioned, the position of the terminals 
requires some consideration. The best solution would be, no doubt, 
to have a special recess cast on one side of the machine and to protect 
by means of a cast-iron cover the terminal board in this recess. This, 
however, means that the position of the terminals will not be flexible, 
as it should be, and might cause great inconvenience if the motor 
should be fixed, for instance, close to a wall with the terminal boards 
towards it. The fixing of the terminals on the top of the machine will 
not solve the difficulty, because on the one hand it interferes with the 
position of the eye-bolt, and on the other it makes the terminals come 
on a horizontal line, or at the bottom, if the machine is fixed to a 
vertical wall or to a ceiling. The last mentioned position would be a 
very awkward one, because it would make any oil which might find its 
way out of the bearing run into the terminal box. Some makers have 
selected the top of the bearing shield, which has to be turned round 
when fixing the motor in any way out of the normal; even this posi- 
tion, however, might be unsuitable if the space where the motor has 
to be placed has very restricted headroom. The solution will be found 
by using independent terminals fixed to small pillars which can be 
mounted, as a standard way, either on the top or on the side, and 
which can .be shifted without great difficulty whenever a special 
occasion demands it. Another method which has been adopted very 
often is, not to have any fixed terminals at all, but to end the leads into 
loose split sleeves, shaped so as to build a sweating socket for the 
cables of the supply. After connecting up, each sleeve is insulated by 
itself by means of a tube slipped over it, and the three or four cables 
are bunched together into one group, which can be protected either by a 
large conduit pipe or any similar appliance. This method can be also 
adopted with advantage with totally enclosed explosion-proof motors, 
the only alteration being that instead of using bushes at the point 
where the cables leave the frame, it is necessary to use gas-tight 
glands. 

(7) Brush-holders.—The design of the brush-holder lends itself 
better than any other part to thorough standardisation. Although any 
type of well-constructed brush-holder will be found perfectly satisfac- 
tory, the opinions of the users are divided very much between two 
classes : 7.¢,, the one in which the brush-holder is tightly gripped at the 
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end of a long arm hinged on a spindle, and the other in wbich the 
carbon is free to slide between two guiding surfaces carried rigidly 
from the current-collecting gear. It will therefore be advisable to 
arrange for both types of brush-gear to be exchanged for one another 
whenever required. Both types of holders should be also designed so 
as to allow satisfactory running of the commutator in either direction 
and fairly noiselessly. They should be further suitable for different 
thicknesses of carbon blocks as might be required to suit the different 
voltages, and provision should be made to prevent the loose arm of the 
brush-holders from dropping on to the commutator surface in case the 
carbon should wear away entirely. The construction should be such 
that the wearing surface of any carbon can be examined at any time, 
and the carbon removed if necessary without disturbing the others. 
The current should be collected from the carbon to the brush-holder 
spindle without passing through any hinged joint. 

Standardisation of Large Machines.—'The general standardisation of 
large units cannot be carried out to the same extent as for the small 
units, on account of the fact that only a few of these types are usually 
required, and that the specifications for these vary to a very consider- 
able extent. 1t is, however, quite possible to institute a system of sizes 
independently of any particular output, and to select the most suitable 
size out of this series when estimating or when executing any order to 
a specification. It will often happen that the type selected is slightly 
above the requirements, especially as regards weight, but the apparent 
loss which might be incurred in using this would be amply equalised 
by the saving in design, patterns, and tools. 

A standard series of direct-current machines is started upon by 
fixing certain standard diameters of bores, which, beginning with, say 
25 in. or 28 in., will extend up to, say, 120 in. by differences of 4 in. to 
5 in. in the smaller sizes, up to то in. in thelarger ones. In this way 
one will obtain some fifteen different sizes, and as the length of the 
core сап be made of two different dimensions, say Io in. and 14 in., the 
result will be a line of thirty standard types, which should be quite 
sufficient for ordinary requirements. 

The stampings for these machines will be conveniently made in 
sectors, and for this purpose the periphery will be divided into six, 
eight, or twelve equal parts, and a standard set of blanking dies will be 
provided for these. The spiders for the armatures will be made with a 
suitable number of arms to correspond to the sections of the armature 
stampings. 

In settling the dimensions of the frame one could keep the flux per 
pole practically constant or increasing very slightly only, and increase 
the number of poles in proportion to the diameter. This practice is 
quite suitable for slow speeds, as used by Continental makers, but has 
the disadvantage of giving too many bars on the commutator when 
using lap winding. It will therefore be advisable, in order not to 
obtain machines which are too light for large outputs, to increase the 
flux per pole at the same time as the number of poles. As long as 
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commutating poles were not used it was important to increase the 
number of poles considerably for machines of low voltage. Since the 
adoption of the interpoles has become less necessary, as the heating of 
the commutator is very much less than before, and {һеге 15 not the 
slightest difficulty in commutating some 600—700 amperes per spindle, 
whereas 300 amperes was the average previously. If laminated poles 
are decided upon, a line of standard dies will have to be arranged to 
correspond to each armature sector. Any of these could then be also 
used amongst different machines, whenever it should be found that a 
more satisfactory design could be obtained by using a stronger or a 
weaker flux per pole. Of course, whenever a stamping obtained from 
a die not belonging to the respective type is used, it is necessary to 
bore the ihside and the outside of the poles to obtain the correct 
curvature, but if this is done for a single design only it would only 
affect very slightly the cost of the machine, whilst it will save the 
expense of a new die. 

The line of commutators will also be settled independently of any 
output or current. The diameters will be fixed with gaps of 3 in. to 
5 in. in between, and an average length of 1 ft. will be taken corre- | 
sponding to about 300-400 amperes per spindle. As the two end rings 
will be made of steel and independently from the body of the com- 
mutator, should any additional length be required it will be sufficient 
to lengthen the rim of the spider of the commutator, which can be 
done at very slight expense. It is most important to adhere rigidly ` 
to the dimensions of the clamp rings because any change of these 
will mean a new set of micanite moulds for the V-rings of the com- 
mutator. It follows that whenever a special wearing depth of the 
commutator copper is specified, the extra amount will have to be 
added on to the standard outside diameter of the copper bars and not 
from this diameter inwardly, although a certain extra expense for 
copper is thus incurred. 

The bearings of such a line of machines will also be fixed in 
standard sizes in steps of 4 in. in the diameter. They will be about 
24 diameters in length, and will be fitted with automatic ring lubrica- 
tion. The best arrangement would Бе to select a large centre height, 
so that whenever a smaller centre is required an additional temporary . 
flange is fitted to the pattern and the remaining is stopped off in the 
moulding. This is done very economically if a large core box is put 
in hand from the first, with which any length of core can be obtained 
for the stopping off, and in this way in many instances an expensive 
new pattern will be saved. 

Another considerable item when dealing with large machines is the 
bed-plate. The patterns for these can be reduced greatly by settling 
on standard sections, and making up the bed-plates in a square with 
round corners, and cutting it up at right angles into four parts, so that 
four patterns of the four corners are obtained. By fitting distance- 
pieces of suitable length bed-plates of any dimensions can be obtained 
with very little expense. In some instances, for types which are used 
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very often it will even pay to make these standard patterns in iron, in 
order to prevent deformation. 
| The brush rocker-gear, which, for small sizes can be fixed on the 
` bearing, and which on larger sizes is usually carried from the magnet 
yoke, can be standardised on the same lines as the shell. It will be 
necessary to arrange the ring in such a way that more or less arms can 
be fitted to it without inconvenience, according to the number of poles 
selected for the machine at any time. Some means of adjustment will 
also have to be provided for raising or lowering the arms carrying the 
spindles, so as to allow for different wearing depths on the commutator, 
or, when the diameter on the commutator is exceedingly small, for a 
different type of arm. 

The terminals and cable connections will be easily standardised by 
selecting a series of flexible cables for all currents up to 600 amperes, 
and by using 2, 3, or 4 of these in parallel so as to be able to deal 
` with currents up to, say, 2,400 amperes. The respective sockets will be 
then fixed together with suitable insulating bushes, and supported on 
independent pillars. Any combination of these will then be possible, 
and they will therefore cover the range of shunt, compound, interpole, 
or compensated machines. 

For large alternating-current machines a similar system of 
standardisation can be adopted. A line of diameters is settled upon, 
but in this case more latitude is allowed on account of the possibility 
of varying the length of the core without affecting the pattern of the 
frame or of the magnet-wheel. In this way between a diameter of - 
2 ft. and a diameter of то ft. approximately 12 diameters will be found 
sufficient, the gap in between the smaller sizes being approximately 
5 in. and the larger ones 12 in. On account of the varying number of 
poles to suit the various periodicities and speeds, it will not be advis- 

able to make complete dies for the stampings of the stator, but it will 

be more suitable to arrange independent cutting dies for each dia- 
meter, viz., one for the inside diameter and one for the outside, these 
to be so made that any combination of cutting dies can be arranged 
for, so that either very deep or very shallow stampings can be pro- 
duced. The shells themselves will be best made without fixed end- 
plates so that these can be shifted further in or further out according 
to the width of the laminations, and without necessitating new patterns 
or alterations to the core boxes. The poles should be made out of 
stampings, and here again a line of standard poles can be conveniently 
designed to suit a number of pole-pitches varying between 7 in. and 
I4 in., which, assuming a periodicity of 40 or 50, would give all 
combinations between the very slowest and the very highest speeds, as 
well as average dimensions for poles for 25-cycle machines. Any of 
the dies for these can be arranged to suit a wide range of machines, 
but, of course, whenever pole stampings not belonging to the correct 
curvature are employed it will be necessary to ore these out on the 
inside surface and turn on the outside. 

All the mechanical details such as bearing, foundation-plates, guards, 
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and terminals provided for the continuous-current machines, can be 
easily worked in to suit the alternating-current machines. 


ELECTRICAL CONSIDERATIONS. 


Most of the arrangements explained previously are really limitations 
of the freedom in the electrical design. "They are, however, necessary 
for the economical production of the machines and have been recog- 
nised as such by all makers. The art of practical designing for 
manufacturing purpose will therefore consist not in fixing at haphazard 
in every instance the very best dimensions that can give the correct 
output, efficiency, regulation, and temperature rise, within a certain 
specification and at an apparently satisfactory price, but in trying to 
obtain a design which will give an equally satisfactory commercial 
machine, made up with existing elements, patterns, dies, tools, etc. 
The reason for this is that the “cost price " of a machine includes often 
a factor of considerable uncertainty, namely, the percentage for general 
expenses, which is very often supposed to cover the cost of patterns 
and tools. As this percentage can only be fixed on the assumption of 
an average expenditure on this account, it will be apparent that unless 
a continuous check is exercised on the expenditure a heavy loss might 
be the result at the end of the year if the stock of patterns is booked at 
their correct low value, although every cost might have shown a 
satisfactory return. On the other hand, the alternative way of charging 
to each design the full cost of new patterns and tools would result in 
making the cost price of a machine so high that it would be most 
difficult to obtain any orders. Against this itis clear thatthere isa great 
advantage in fixing the number of patterns and tools as far as possible 
beforehand, and arrange the general charges for them in such a way that 
they can be distributed on the average number of machines produced 
during the year. On account of the slight handicap in arranging the 
design a slightly smaller «nargin will be available in some directions, 
and more attention will have therefore to be paid to the quality of the 
materials employed and to the execution of all details. That this is 
quite sufficient to make up for it is proved by the fact that there is not 
a large successful factory in which these conditions have not prevailed. 
Thus the adoption of two lengths of core for each diameter is no doubt 
adisadvantage froma purely electrical point of view, as for each output, 
strictly speaking, there is only one diameter and one length which will 
give the best proportions. When using a long core as required for 
laminated poles, it will be found again that this is not quite as satis- 
factory as a round core, but if in order to obtain a suitable ratio to give 
the room required for round poles one had to go to the expense of 
adopting a much larger diameter, there is no doubt whatever that the 
little sacrifice in the electrical design will be fully repaid in the 
cheapening of the production of the machine and in increasing its field 
of application, apart from the fact of a better efficiency obtained with 
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the machine of smaller dimensions. In alternating-current machines 
the inducement to use long cores would be larger than for continuous- 
current machines, but the effect of the length of core will have to be 
accurately investigated on account of the altered conditions of the 
leakage. This will, however, be met best by adopting machines with 
long cores for fewer poles, and narrow machines for slow speeds, as they 
have necessarily a shorter pitch. 

The stampings of the continuous-current machines should be 
arranged for one, or at the maximum two numbers of slots only, and 
these can be provided with such a wide range of windings as to cover 
all practical requirements. The number of commutators for a given 
type of stampings should not be more than two at the most, and should 
be arranged in such a way that the higher number of bars can be used 
for 500 volts with the slowest speed, and, therefore, with the largest 
number of turns per commutator bar, and the lower number of bars 
should be still sufficient to give the highest speed at the lowest voltage, 
1.е., when the number of turns per bar is the lowest. As two com- 
mutators for each of the two stampings would represent a stock of four 
different types of commutators per machine it will be advisable to 
arrange the diameter of the commutators so that the same one can be 
used again in the next larger size machine. This will be easily possible 
if the brush rocker-gear is arranged mechanically to fit both the smaller 
and the larger machine. 

With regard to the carrying of the current for the lower voltages, it 
will be advisable to make the commutators of sufficient length for the 
highest output at 230 volts and to use the same commutator, but with 
narrower brushes for 500 volts, as explained previously. For special 
outputs, or lower voltages than 230, and for higher speeds, it might be 
necessary to make a special commutator, and an allowance of 30 per 
cent. on the standard lengths should be more than sufficient to carry 
any of the standard outputs at тоо volts, especially if one uses wider 
brushes covering a larger number of sections. Provisions for this extra 
length must be made in the design of the ffame, and of the bearing 
brackets, so that no alteration should be required on the standard shaft. 

The fixing of the windings for the different outputs should be done 
by starting from the best possible average output of the machine, and 
by systematically trying all possible combinations of coils in the slots, 
without alteration to the number of commutator bars. The armature 
coils must, of course, be wound in such a way that the same coil can be 
connected up in “wave” or “lap” winding, according to the require- 
ments. Taking a 12-Н.Р. 4-pole motor as an example, and assuming 
that to obtain a speed 1,000 revs. per minute at 460 volts, a coil of 4 turns 
per commutator bar should be required, the coils being connected in 
parallel, the same coils will be used again to give 6 H.P. at 500 revs. 
per minute, with the coils connected in series, provided always that 
the heating allows of this output. By connecting up this coil so as to 
have only half tbe number of active conductors of double the section, 
the armature will give 12 H.P. at 1,000 revs. per minute, and again 
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6 H.P.at 500 revs. per minute for 230 volts, as well as 6 H.P. at 115 
volts, all with suitable connections. Taking now another coil with six 
turns per commutator bar, this will give wlren connected in series 
approximately 8 H.P. at 750 revs. per minute at 460 volts, and 34 H.P. 
at 375 revs. per minute at 230 volts, as well as 8 H.P. at 750 revs. per 
minute at 230 volts, with coils in series or parallelas.before. Although 
less latitude is possible with an uneven number of turns per com- 
mutator bar, it will be seen at once that with one commutator only a 
large range of outputs and speeds and voltages is obtainable. The out- 
puts at 5oo volts are usually obtained by speeding up the machine by 
IO per cent. from the output at 460 volts. 

The question of stocking complete armature coils suitable for 
standard winding is a difficult one to settle, as a stock of this kind has 
only a limited life. The tape covering after being varnished becomes 
oxidised and brittle, so that it would be impossible to place the coils 
in any slot even with the greatest care if the coils have been made 
many months beforehand. As at the same time a certain amount of 
stock must be at hand to give quick deliveries it is important to 
regulate this stock as closely as possible to actual requirements. 

When using bar winding, and especially in large machines, a 
series parallel winding of the armature offers the greatest attractions 
„ from a standardising point of view, because it makes the numbers of 
bars in the commutator practically independent of the flux of the 
machine. The bad experience made by several designers with this 
kind of winding has, however, greatly reduced its use, although lately 
it has been brought forward again in connection with a special system 
of balancing. 

The question of the carbon brushes to be stocked is a trying one, 
as it is only by having a large variety of carbons that sometimes it is 
possible to work in a type to give a certain output, and in this direction 
the high conductivity brushes and those made by the Morgan Crucible 
Company have done much to help the designer. On the contrary, the 
brushes with graded resistance also issued by the same company have 
not met with much success, on account of: their unsatisfactory 
behaviour when heating up, and of the difficulty of not being able to 
reverse the direction of the machine without changing round all the 
brushes. " 

The ventilation of the machines will also have to be considered 
very carefully, as the modern high ratings are only possible if the losses 
are carried away continuously by an efficient flow of air. The methods 
of obtaining this ventilation are really part of the mechanical design 
and need not be discussed here. 

In fixing the winding of 2- or 3-phase machines, a suggestion 
has been made very often of the possibility of leaving the coils dis- 
connected, so as to obtain a winding suitable for a large number of 
voltages by grouping together the poles in one or more parallel circuits, 
also by bringing out both terminals of each phase and connect them 
up on receipt of the order either in star or mesh. Both suggestions 
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are correct, but it will be found in practice that they are only suitable 
for exceptional cases because the stocking of a motor which is not 
completely wound is пФ a satisfactory arrangement. The machine 
has to be returned to the winding department for connecting up on 
receipt of the order, and is often not in its best condition if it was 
kept in stock for months with a large number of loose connections 
hanging from it. The best solution under the circumstances appears 
to be to wind rotors completely for a given number of poles and stock 
the motors in all the components without winding the stator. On 
receipt of an order the machine can be finished in less than a fortnight, 


and this will be found quite satisfactory in most cases, especially when 


a small stock of ready wound machines is also kept for all normal 
voltages. 


DISCUSSION AT GLASGOW, MARCH 8, 1910. 


Mr. J. К. Bann: I think it used to be the practice ten or fifteen 
years ago to design machines for a given rated output and speed with 
the same armature and field magnet dimensions for all voltages between 
125 and 500; but this has been abandoned ір the most recent practice. 
In fact, there should in many ways be a greater difference between a 
500- and 125-volt machine for the same output and speed than between 
two machines of the same voltage and very different outputs. Firms , 
standardising a line of machines of many listed ratings from the smallest 
sizes up to roo k.w. or more are, for commercial reasons, reluctant to 
admit the economy of this principle, and are generally opposed to the 
designer bringing in these modifications. The crude practice of having 
the same length of armature соге and commutator for 125 and оо volts 
is still maintained by some manufacturers. If one examines a low- 
voltage machine it will often be found that the commutater has much 
less liberal dimensions than is given to the same size of machine wound 
for 500 volts. In getting out a line of standard machines there should 
at least be two lengths of core for each diameter—one length for 
250 volts and the other length for 500 volts. Even when this principle 
is observed a large amount of standardisation is possible, for there is 
one thing common to all machines of the same output but having very 
different voltages—namely, the amount of energy to be transformed. 
Hence it is quite logical that one should endeavour to employ the same 
bedplate, bearings, shafts, etc., and keep the same overall dimensions 
for all voltages. The same peripheral speed could be adopted inde- 
pendent of the voltage, and in the case of the commutator this should 
be as high as possible—say, about 12 or 14 metres per second. Whether 
the machine be for 500 or 125 volts, a high peripheral speed is an 
advantage. In a high-voltage machine more space will be available 
for the commutator segments, so that a greater number can be used, 
thus keeping down the reactance voltage. With low-voltage machines 
the radiating surface of the commutator is generally what fixes the 
overall length, so that if we adopt a large diameter the length will be 
proportionally diminished. For a given output and speed the same 
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commutator diameter will hence be suitable for any voltage, and the 
only dimension that need be different is the lengths of the armature 
and commutator. The length of armature plus commutator can there- 
fore be kept the same for all voltages, and so give the same centres 
between bearings. In a low-voltage machine a longer commutator is 
necessary in order to collect the larger current, whereas the length of 
the armature can be much less than in а 500-volt machine. There is 
also no objection to employing for all voltages the same diameter of 
magnet yoke and length of poles. The variations with rated voltage 
are hence limited to the widths of magnetic circuit, armature core, and 
commutator, as well as the windings and number of segments. Since 
of the variable parts—magnet frame, armature stampings, and spider, 
commutator spider, and brush-holder supports—the diameter is the 
same for all voltages, it is practicable, by the exercise of care and 
ingenuity, to arrange to use the same drawings and substantially the 
same patterns for machines of any voltage, the patterns being con- 
structed so that they may be extended or shortened as occasions may 
require. 

Mr. W. L. SPENCE : I cannot help taking exception to Mr. Orsettich's 
description of “rain-proof” motors as “enclosed ventilated”; the 
latter term I would apply to machines with air-cooling tubes and a fan. 
The use of the same end shields for both alternating-current and direct- 
current machines is undesirable, as it renders the interior of the 
machine particularly inaccessible, and cramps the design of other 
parts. In my opinion cylindrical end covers are best. Mr. Orsettich 
did not touch on the question of ball bearings. These should only be 
used at the commutator or slip-ring end, and not at the pulley end ; 
I do not think that they would give satisfactory results on heavy geared 
drives. I must say that I disagree entirely with Mr. Orsettich's views 
on spiders; in my opinion they should be used down to the smallest 
possible sizes of machines, as they very considerably simplify the 
process of winding, and entirely obviate the risk of having a well- 
ground and centred shaft spoiled by being dented by a hammer or 
otherwise while in the winding shop. I was surprised at the author's 
opinion that any type of well-made brush-holder was admissible ; the 
rocking-arm type of brush-holder appears to my mind to have many 
serious defects, and cannot compare with the box type of holder for 
sparkless running. 

Mr. C. McMILLAN: Although Mr. Orsettich has limited himself 
chiefly to the commercial aspects of the subject, it is almost essential— 
because of the number of compromises that are required—that we 
should touch very closely on the two allied subjects of detail, design, 
and methods of costing; and we can probably not consider the 
primary subject of the paper without bringing in some notes and 
comments on these allied subjects. The subject which interests me 
chiefly in this paper is the general subject of the attempt to obtain 
standardisation through a better understanding being reached by the 
various people concerned in manufacturing electrical machinery. The 
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point has been raised again and again pretty much in terms such as 
Mr. Orsettich uses, but I think it could be reduced to a more definite 
problem. I refer chiefly to the demand by customers for special 
variations from standard lines of machine that a manufacturer has gone 
to the trouble of standardising. A buyer or his consulting engineer 
takes an obstinate stand for exactly the thing that he thinks he wants, 
and an equally definite stand is taken by the manufacturer who 
attempts to supply only what is obtained by economical standard 
methods. The real compromise is to give the customer exactly what 
he wants, but make him pay for it exactly what it costs, as near as that 
cost can be discovered. In a highly competitive industry it is from 
considerations of policy that the manufacturer yields to the demands 
of the customer, but if it were realised how much he was sacrificing in 
doing that, he would probably find some other method of propitiating 
customers. A company might take up a wrong attitude by too firmly 
opposing a new requirement by a customer, because that one order 
might be the forerunner of a large productive business in the future. 
I would suggest that there should be another element in the costing 
besides the standard cost of the machine, and that the cost of an 
entirely new development should be charged partly to the customer 
and partly to some other account registered for the purpose. It might 
be called an advertising account or an enterprise account, and for the 
remainder of the extra cost the purchaser might be penalised for 
demanding a new type of machine. It is rather doubtful to what 
extent a manufacturer should assent to specific demands of the 
customer or consulting engineer. The manufacturer is in the most 
favourable position for knowing the real wants of the ntarket, and he 
might do a great deal more to educate the customer than is done at pre- 
sent. In every case it should be the aim of the manufacturer to let the 
customer understand clearly the expense in which he is involving the 
industry and himself by his special demands. 


DISCUSSION AT BIRMINGHAM, MARCH О, 1910. 


. Mr. M. RAILING: We are greatly indebted to Mr. Orsettich for his 
able and remarkably clear paper. The subject is not new, and we are 
all aiming at it and wanting it, but we need to remember that we have 
to consider in this connection commercial, mechanical, and electrical 
interests. These subdivisions will greatly help to an understanding of . 
the subject. From the manufacturers and the commercial point of 
view we all agree with standardisation, because it protects the manu- 
fatturer and enables him to produce much more cheaply in large 
quantities than in turning out small special quantities of machines. A 
small order involves exactly the same routine work as a large one. 
One machine is as troublesome as a hundred, and perhaps requires 
even more special attention. As manufacturers, therefore, we welcome 
standardisation, because it also fully employs the machines and tools, 
gives a regular flow of employment to the workmen, and reduces the 


1910.] OF ELECTRICAL МАСНІМЕЅ:. DISCUSSION. 153 


cost of production. Equally from the designing point of view it is 
much more satisfactory if we can turn out a large number of one kind, 
and it is better to concentrate over component parts than worry over 
one machine. The designer can then make the best use of his know- 
ledge and material. From the public point of view it is still more 
important. It aids cheap production by saving capital expenditure, 
and it is all-important that production should concentrate upon proved 
types and not experimental types. In case of breakdowns, which will 
happen, it is very important to be able to draw upon existing stocks, 
and that means increased facilities to the consumer. It is very neces- 
sary that manufacturers should combine with consumers, but especially 
among themselves, to make as much use as possible of the rules laid 
down by the Institution. But I fear that in actual practice it does not 
work out in that way. It is very rarely that consulting engineers 
adhere to the rules which the Institution has laid down. If the rules 
of the Institution do not cover the whole ground, by all means let us 
put our heads together and try to enlarge them. But I am convinced 
that only by the co-operation of the consumer, his advisory consulting 
engineer, and the manufacturer can we arrive at standardisation. In 
this respect our friends on the Continent are very much ahead of this 
country. But there is no reason why if we agree tenders should 
not be offered on the basis of the Institution rules. The question of» 
standardisation is a wide one, and even of national importance. As 
Chairman I do not want to touch upon the fiscal question. Butit isa 
fact that those of us who have to compete against large outputs of well- 
designed machines coming from the Continent and the United States 
can only hope to hold our own by standardising as much as possible. 
In this respect we must work together as much as possible. 

Mr. S. P. SuirH: There are many points in connection with the 
standardisation of machines that appeal to the designer. One important 
point he has to consider is the question of labour versus material and 
to decide where he should economise. This is rather an important 
question, especially for the workmen. But the only satisfactory solu- 
tion from the designer's point of view is to study the works cost of the 
machine. In general, it is found in electrical machinery that material 
is a much more expensive item than labour, though it varies consider- 
ably for different kinds of work. In an induction motor, for example, 
the labour will be more costly for high tension than low tension. It 
will generally be found, however, that labour is of minor importance 
compared with material, so that in the long run the designer will do 
well to cut his material as far as possible and improve his machine by 
securing good workmanship. Ап illustration may be cited in connec- 
tion with the question of the insulation of slots. If only a small 
amount has to be paid for winding the armature it is clear we cannot 
expect the same quality of workmanship as if a higher price were paid. 
But if a somewhat higher price is paid the work will be done more 
carefully and the designer will be able to use a finer insulation, and 
the effect will be that in the end the output of the machine will be 


Mr. 
Railing. 


Mr. Smith. 


Mr. Smith." 


154 ORSETTICH: NOTES ON STANDARDISATION ` [March 9th, 
increased. In the designing of the machine the question of labour 
versus material will be found always to arise. Another important point 
relates to the quality of the material. On the whole it will be found 
that the best material is the cheapest, and the extra cost paid for it 
will be amply repaid by the increased output for a given weight. 
Success also depends very much upon what might be called “sound 
finance." Though it is not stated in so many words, it is very evident 
that if we read between the lines of the paper Mr. Orsettich has a very 
clear conception of finance by the methods he proposed. For example, 
a remarkable thing in the design of machines is that we can get two 
different machines both apparently satisfactory as regards guarantees, 
and yet one will be 10 to 20 per cent. cheaper than the other. These 
are very important points from the commercial side and are equally 
interesting to the designer. We must therefore have a commercial 
interest in a machine as well as a scientific interest. Another most 
important feature affecting standardisation relates to the ventilation 
and insulation of machines. Probably we know about as much regard- 
ing the active materials as it is possible to know, but the question of 
ventilation and insulation is by no means final. It could be accepted 
almost as an axiom that provided we can improve the ventilation we 
can increase the output in proportion. Most of the modern designs 


‘are certainly based on that aspect of the question. With regard to 


insulation, although the idea may seem strange, yet I do not see why 
the allowable temperature rise of the machines should not be much 
higher if we can find better kinds of insulating materials. As is well 
known, a gas engine or a steam engine works at very high tempera- 
tures inside the cylinder. Hence, if we can really get a reliable 
insulating material, such as asbestos, combined with a good insulating 
property, I do not see why, instead of drawing the line at 70°, we 
might not have a rise at 170? or even higher, provided we keep well 
within the fusion-point of copper. I believe we should find that it is 
possible to raise the limit very considerably, and in the long run the 
customer would be the gainer. He would have a cheaper and lighter 
machine, and though it would be a hotter one, yet with a material 
capable of withstanding the heat the life of the machine would not be 
much shorter. It is quite true, however, that this insulating material 
has' yet to come. A further question arose with respect to what 
machines ought to be adopted as standard. Take the case of induction 
motors. lf we get a high-speed motor we can design machines com- 
bining minimum cost with the best guarantees for power factor and 
efficiency. But when we come to low-speed induction motors we find 
those two things opposing one another, and if we try to make a cheap 
machine down goes our power factor, and the question is where to 
draw the line. It has to be decided, therefore, whether a cheaper 
machine with a lower guarantee should be given or whether more 
should be paid for the machines and a higher guarantee demanded. 
In the case of continuous-current machines it is often a very difficult 
thing to know what speeds to design machines for. One is inclined 
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sometimes to wish that our speeds were also governed by some such 
factor as frequency, so that it would be possible to define the speeds. 
At present we have not got that limitation, and so we have to be willing 
to supply whatever speed is required. Probably the most practical 
way of settling the speeds is to arrange them in some kind of geo- 
metrical progression, so that the jumps would get larger as the speed 
increased. There is a great amount of variety between different 
makers. Sometimes the ratio 15 r'2 to 1'3, and we can easily find 
suitable speeds, which can be then listed.and brought into line with 
the different windings, and so on. It is the same with regard to out- 
put, which also seems naturally to follow a geometrical progression. 
Thus with a ratio of 2 we should have motors of 2, 4, 8, 16, and 32 Н.Р. 
An arithmetical progression would not be of much use for the market. 
The only other point I wish to deal with is with regard to specifications. 
I do not suppose my own personal view will be a very acceptable one, 
and it may be said that I am not speaking altogether disinterestedly. 
But I am strongly of opinion that much in the specification is unneces- 
sary from the customer's point of view. Of course, there are always 
certain points which have to be insisted upon, but the ordinary 
guarantees might generally be left to the manufacturer. This may be 
found strange, but there is always the safeguard of competition. 
Moreover, if the buyer cannot get what he wants from one maker he 
can always get his requirements from another, while the consulting 
engineer would be there to. see that the guarantees were properly 
fulfilled. Many of the specifications, of course, are perfectly reason- 
able, but quite a number of them merely embody whims and fancies 
to which the English people are very susceptible. I am rather inclined 
to favour the Chinese point of view and insist that the manufacturer 
should furnish his own specifications and be made to work to them 
rather than work to those of the customer. Personally, I would prefer 
to work under these conditions, for not only would it give the customer 
a cheaper machine, but, taken all round, I believe it would be a better one. 

Mr. N. B. RosHER: The speaker has shown considerable restraint 
in not complaining of the great number of types of machines which 
have to be made nowadays. -In my opinion the number is un- 
necessarily large. I have had the curiosity to examine the list of 
electrical undertakings published by the Electrician, and it is astonish- 
ing to find how the frequencies vary. Taking one page at random 
there were five alternating-current stations, and they had four different 
frequencies ; that seems rather a large variety. On a further cursory 
glance through the remaining pages of the list, I found that there 
were at least 16 frequencies in use at the present time. With 
regard to the position of the slip-rings I agree with the author 
that for alternating-current motors the best position is outside the 
bearing bracket; a slight disadvantage is that should it be required 
to take out the rotor it would be necessary to remove the rings 
unless the bearings were split. The material of which slip-rings 
should be made is by no means standardised. In some cases they 
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are made either of gun-metal or phosphor bronze, but many firms 
use cast iron and in some cases cast copper or hard-drawn copper. 
The same thing applies to brushes which are constructed of copper 
gauze or carbon or some special mixture of carbon and metal. With 
regard to ball bearings, many people are finding that ball bearings 
are not all that they thought they were going to be for large-size 
motors, although they have proved quite satisfactory for motors of 
small size. I would like the author’s views on this matter. Another 
detail difficult to standardise is the arrangement of terminals. I 
prefer a cast terminal box which can be screwed to a flat face on 
either side of the machine. Where the wiring is carried in steel 
conduit, I have found, by experience, that the best method to adopt 
is to insert a 4 or 5 ft. length of flexible metallic tubing between the 
terminal box on the motor and the steel corduit. This arrange- 
ment.allows for the movement of the motor on its slide rails and 
also ensures metallic connection between the motor frame and the 
conduit system, while at the same time it protects the cables from 
injury. Mr. Smith has spoken of 170° Е. as a desirable limit of 
temperature rise, but motors having a temperature rise of approxi- 
mately this order are being regularly supplied for work to one of 
the Government departments. 

Mr. A. E. Gott: The subject of standardisation is one of the most 
interesting ever brought before us, its object being to produce the 
maximum value at the minimum cost. The author lays stress on 
the importance of stocking for orders. We should all like to do 
this, but it is only possible when everything is standardised. It is 
surprising the amount of money that is spent, and sometimes wasted, 
remedving small defects which greater standardisation would have 
prevented. In the examples mentioned, I cannot help thinking that 
1,000 and 2,000 revs. per minute, as speeds for тоо and т H.P. 
machines respectively, are much too high. Does the author propose 
that these speeds should be standardised? In my opinion electric 
motors generally are run at speeds too high for good application. 
With regard to voltage we cannot have standard designs without 
standard voltages. I have been struck with the extraordinary number 
of different voltages in use in this country and on the Continent. I 
have even heard of a declared voltage of 416. In regard to the 
number of slots in alternating-current machines, an important point 
to be kept in mind in standardisation is that prime numbers over 
50 should be carefully avoided on account of expense in making 
tools. It is much easier to make commutators of different numbers 
of bars than to make armature discs with awkward numbers of slots. 
Nothing has been said in the paper about split frames and bearings, 
which are absolutely necessary in certain cases of large motors. 1 
have known instances where, in order to get at the armature, it was 
necessary to elevate field, armature, and bearings bodily several feet, 
whereas this would not have been necessary if the bearings had been 
split. With regard to reduction gearing, I entirely disagree with 
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the practice of putting the gear on the top of the motor. It is 
not only the worst place from the point of view of safety, but the 
frame is never designed to stand the strain, and it is consequently 
liable to get broken. I think that in standardisation allowance ought 
to be made for the fitting of flywheels to the motor shafts, as there 
are a great many applications where a flywheel not only improves 
the driving, but enables us to use a smaller size of motor. In many 
cases discrepancies have been found between power estimates and 
actual requirements, and failure is frequently due to the want of 
a flywheel. In regard to small parts many manufacturers do not 
pay enough attention to details, the terminals especially being fre- 
quently neglected by the designer. We sometimes see them fastened 
on to the bedplate or even the foundations because they have been 
left out entirely from the design of the machine. Terminals ought 
to be arranged so that the. assemblers could connect coils in such 
a way that the minimum amount of labour would be required. "This 
facilitates final testing and coupling to secure desired polarity and 
rotation. I would suggest that the best arrangement of the terminal 
blocks is one in which the ends of the armature, and both the shunt 
and series coils, are brought to separate terminals. The centres of 
certain of the terminals are equidistant, but the arrangement gives 
increased distance between the two ends of the shunt. Workmen 
can be relied upon to join the separate bobbins of shunt or series 
coils up to each other correctly, but the final connecting of series, 
shunt, and armature to each other is a test-room matter. In the 
arrangement I suggest the ends of the coils are connected by the 


workmen to the terminals irrespective of polarity, and it is the duty 
of the test-room to interconnect the terminals by means of links 


to secure the desired polarity and rotation. "The arrangement satisfies 
every condition of service. | 

Mr. А. C. ANDERSON: At the bottom of page 132 there is a 
paragraph referring to the reduction of profit and the increased cost 
of the commercial department, which says, * The percentage of the 
price required to cover these two items has remained practically the 
same." Are we to take the percentage represented by profit on 
the total price as being the same as it used to be? Again, on 
page 133 there is a paragraph which says, “The benefit of keeping 
one's workmen constantly employed on the same line of work shows 
itself in the increased skill they acquire in the performance of the 
operation or in the handling of a given machine." But there is 
some danger that by keeping men on the same line of work we shall 
make the man a machine. "The saine thing applies to the standardisa- 
tion of designs. It is a very fair question to ask whether that does 
not tend to the stultifying of invention. It might be said that we can 
apply our ingenuity to further standardisation all the time, but it is 
a great point as to whether everybody would conform to the same 
line. It seems a fair argument that, with three or four different 
varieties of work, the manufacturer and the workman will reach a much 


Mr. Gott. 


Mr. 
Anderson. 


Mr 


Anderson. ` 


Mr. 
Willmott. 


158 ORSETTICH : NOTES ON STANDARDISATION [March 9th, 


higher point of efficiency and economy of material. On page 135 there 
is a paragraph about the flexibility of type which seems to me to be 
a very important point indeed. Most of us have met non-technical 
men who, after reading about electrical machines, described as having 
95 per cent. efficiency, wonder why they do not get that efficiency 
with a 1-H.P. motor. On page 139 it is said that “for con- 
tinuous-current machines, where the types of the frame and the 
number of poles are settled beforehand, it is always advisable to 
have a separate diameter for each length unless the manufacture is 
very small indeed." Personally I do not agree with that. Ithink we 
ought to have at least two lengths to get the requisite degree of 
flexibility, because it is a very difficult matter to standardise armature 
windings. The same remark applies to page 148, where it is said, “ The 
stampings of the continuous-current machines should be arranged for 
one or, at the maximum, two numbers of slots only." But suppose 
we have one diameter and one length with two numbers of slots, we 
shall have a very expensive and a very numerous line of dies and 
patterns. I would like to refer also to page 144, where it is said, “ It 
will therefore be advisable, in order not to obtain machines which are | 
too light for large outputs, to increase the flux per pole at the same 
time as the number of poles. In this connection I would rather like 
to know exactly what effect the increase of the magnetic leakage has 
on the producing power of the machines from the point of view of the 
field copper, and especially with regard to interpole designs. 

Mr. A. WILLMOTT : Speaking from the point of view of the shop 
manager, it appears to me that the paper has rather missed the initial 
start of standardisation. Every shop manager knows that what he 
wants to start with is correct shop drawings. There is, however, very 
little said about drawings in the paper. One of the speakers said that 
the paper was most excellent with regard to shop organisation, and I 


agree that it should prove a help to standardising production. There 


are, however, two points left out, viz., Inspection and Test. No 
mention is made of inspection, and that is a very important point in 
regard to standardisation and shop production. If we do not want td 
waste money we must have good men who can be relied on to see that 
when machines are going through the shop there shall not occur 
trivial defects which will be discovered afterwards on testing, and 
so cause delay. Taking machines back to be rectified is one of the 
things which runs up works costs. On page 140 the paper mentions only 
cast iron for the frame of the yokes. I think we have got a little 
beyond cast iron for yokes ; we can now get a good quality of steel 
castings, which designers are using every day more and more than they 
used to do. The cost was formerly a drawback, but these castings can 
now be got at fair competitive prices. The author also mentions iron 
as being used for the sake of quick delivery, but with standardisation 
we are able to have steel castings in stock. It is suggested in the 
paper that the brush-holders should be made suitable for such different 
thicknesses of carbon blocks as might be required to suit the different 
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amperages. Ithink the preferable way is not to have various thick- 
nesses, but to increase the number of blocks, and so keep a less 
number of sizes. One great help to standardisation would be a correct 
code system for standard parts in the drawing office and works. If the 
designer and the shop could agree upon a systematic way of placing 


the parts, a great saving in shop costs can be made. This has been 


proved a decided advantage in cases where each detail has a reference 
or distinguishing code number. 
Мг. W. Нот: One point with regard to standardisation which 


requires emphasising is the possibility of stultifying progress, and- 


I think that one of the reasons why standardisation has not been 
carried out in electrical machines to the extent to which it has been, 
say, in the case of bicycles, typewriters, sewing machines, etc., is that 
the electrical machine, so far, has not reached finality. But the 
electrical machine, of to-day, as compared with that of even two or 
three years ago, is a very different article. It has now become almost 
as perfect as it can be, and the time for considering the question of 
standardisation has come. But we must first have standard require- 
ments, and in this matter our Institution must play a large and 
important part. It would be well to be fairly conservative on 
account of varying requirements which would not justify a special 
design. With regard to field coils, one winding only should be 
required for, say, 220 to 230 volts, and where standardised, for 220 
volts, allowance must be made for a fair variation. I have known a 
corporation voltage of 220 rise to 236 volts at certain times of the day. 
As the copper losses increase as the square of the voltage, a too rigid 
rating would cause overheating and a breakdown. Also, in the case of 
alternating-current induction motors, if the cables are not up to their full 
capacity, and there is any drop in terminal voltage, a heavier current 
than normal will be required, again causing overheating with a too 
rigid rating. It must also be borne in mind that an intermittently 
rated motor may have a rating double the normal, and even then be 
subject to a 50 per cent. overload, so that the mechanical details must 
allow for this. On the other hand, this question of conservatism may 
be overdone, and it is doubtful whether it is advisable to allow for too 
many eventualities in a standard design. If we have designs which 
represent so many reservations, {һе cost of the complete article will 
be too high to enable it to compete in the open market. Itseems to be 
best to design standard machines for ordinary standard requirements, 
and to treat any departure from that standard as a special machine. 
With regard to patterns, I find that they are liable to depreciate very 
rapidly, and the designs should necessitate as low an outlay in this 
respect as possible. Accountants allow for a life of four or five years 
in a pattern, but my experience is that in some cases it is less than four 
or five weeks before the pattern has to go back to the pattern shop, 
this being more often the case when castings are purchased from 
outside. Of course iron patterns can be made, but they are only 
suitable for very small patterns, as in large sizes they become 
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cumbersome. When armature stampings are mounted on spiders, 
the utilisation of scrap requires consideration. By careful designing 
the internal diameter of a large stamping can be arranged to be the 
external diameter of a smaller stamping, and a range of machines up 
to 28 in. diameter can be designed with complete use of the whole 
of the material. As regards the question of enamelled wire, I have 
tried this both with armatures and field coils, and with the latter have 
had no trouble. For armatures, however, it has been an entire failure, 
but I put this down to mechanical rather than to electrical difficulties. 
In the case of very small hand-wound armatures, for 220 volts, there 
is a general leakage equal to the full-load current of the machine when 
running empty. With larger sizes and coil windings the trouble 
seems chiefly due to the handling necessary to place the coils in the 
slots. Very little pressure or tapping with the mallet where wires 
cross each other is sufficient to cause short circuits. Speaking gene- 
rally, any winding arranged in regular layers can be made satisfactory 
with enamelled wires, but where they have to be twisted and turned, 
or laid over each other, they are not likely to be satisfactory. I have 
noticed that in Admiralty specifications the use of enamelled wire is 
prohibited. With regard to ball bearings, I was responsible some 
years ago for the mechanical design of a motor-generator combined on 
one shaft with two single-row bearings. The total weight of the rotor 
was 20,000 lbs., and the speed 500 revs. per minute. Except for a 
cracked ball in the first few weeks, I believe the machine has run for 
three or four years without trouble. I have had personal experience of 
motors up to 20 H.P. which have run for some years perfectly satis- 
factorily, and I think that in a great many cases the failure of ball 
bearings is due to faulty mounting. 

Mr. К. ORSETTICH (in reply): Dealing with Mr. Barr's argument 
that machines should be designed with a different frame according 


_ to the voltage, so as to use a heavier flux for high-voltage machines 


and a lighter flux for low-voltage ones, I wish to say that this is 
entirely impracticable from the manufacturers’ point of view. This 
suggestion, I believe, was put forward some six years ago by 
Mr. Hobart, and was actually tried by one firm, but was very soon 
given up. The reason is that the extra outlay in patterns and stock 
makes the advantage resulting from the increased output on the 
low-voltage machines very problematical, whilst it handicaps delivery 
to an enormous extent. The manufacturers, therefore, prefer rating 
the types as low as the limit of the high voltage requires it, and sell for 
a lower voltage a machine which actually can give a higher output, but 
in every instance exactly the same frame, armature, and mostly com- 
mutator, is supplied irrespective of the voltage. Another point which 
I believe will be found impracticable is the adoption of the high 
peripheral speed of the commutator mentioned, viz., 12 to 14 metres 
per second. In an average machine of, say, 10 to 14 in. diameter, 
the peripheral speed of the commutator, even when running at a 
fairly high speed of 1,500 revs. per minute, will not exceed 11 metres 
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per second. The adoption of a large diameter commutator will 
not enable the output of the machine to be increased when working 
with low voltage, as Mr. Barr seems to think, unless the number 
of poles is increased in inverse ratio to the voltage, and this, of 
course, will not be the case if the same frame is used. The large, 
diameter cf the commutator would therefore have only the effect of 
increasing the cost of the machine without any advantage, and at the 
same time would make the commutation worse by increasing the 
reactance voltage. | 

The objections raised by Mr. Spence against the use of the same 
shield for both ends of a continuous-current machine seems to be 
based on a misunderstanding. It is not proposed to cramp in any way 
the design by the adoption of the two shields of the same pattern ; on 
the contrary, the space above the commutator is increased to the same 
diameter as the frame of the machine, and if the accessibility to 
the commutator obtained through the openings in the end shields is 
not satisfactory there is no objection to having additional peripheral 
openings in the portion of the frame above the commutator. The 
design in this way becomes one of the cylindrical pattern which Mr. 
Spence agrees is quite satisfactory. I agree up to a certain extent with 
his views on the question of spiders, but from the manufacturing point 
of view there is no doubt that the spider means complication and addi- 
tional expense. Regarding the type of brush-holders, the statement 
that both the arm type and the.box type are satisfactory is borne out by 
the fact that some makers have adopted one pattern as standard 
and other makers the other, and both are able to produce satisfactory 
machines. The same opinion seems to be shared by the different 
consulting engineers, and it is therefore necessary for a large company 
to manufacture both patterns and supply them according to cus- 
tomers' wishes. 

Mr. McMillan raised a very important question which affects the 
policy of every manufacturer. Personally I should not think it 
advisable for a concern to take a firm stand towards customers' wishes 
and refuse to yield in any detail. A compromise, therefore, has to be 
arrived at between the customers' requirements and the interests of the 
company, and only if the company has some real and plausible reasons 
for refusing to carry out the customers' request because it might affect 
the results expected from the machine, is the entirely negative attitude 
justifiable 

In reply to Mr. Smith, it seems to me, that as the matter is 
put by him it will be rather difficult to obtain alterations of their 
standard specifications from consulting engineers. I take it that 
what is really meant by Mr. Smith is that the specifications of the 
consulting engineers should be first of all for the purpose of laying 
down the principal lines of the schemes, and should state clearly their 
requirements, but should not be for the purpose of insisting on small 
details of construction which could be executed in several equally satis- 
factory ways. The specification further should lay down clearly all 

VoL. 45. 11 
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the points which are of importance for the satisfactory operation of the 
plant, points which would have to be verified by a test before the plant 
could be accepted. If this is the meaning of Mr. Smith’s remarks 
we are perfectly in agreement, and I believe that every consulting 
engineer will be of the same opinion. | 
With regard to Mr. Rosher's remarks concerning the large number 
of machines proposed as a basis of standardisation, this is an essential 
conditio of its acceptance and success. If the number of machines of 
a standard line is not sufficiently large to cover all requirements, there 
would be occasion for special machines to be made, and this is the 
very point to be avoided. Dealing with the question of slip-rings, I 
think the advantage of being able to inspect the rings continually 
during the running of the machine should weigh more with the user 
than the difficulty of having to remove the slip-rings whenever the 
bearing bush has to be renewed. This, however, affects only small 
machines, because in all large machines the bearings are split, and it is 
then perfectly easy to remove the bushes without affecting the slip- 
rings. The material used for the slip-rings is not of great importance, 
especially where short-circuiting gear is fitted to the motor. Phosphor 
bronze, steel, and malleable iron have all been employed. If the 
rings are shrunk on to an insulating bush, I think malleable iron is 
more satisfactory than steel or phosphor bronze. Bronze has the 
advantage of not becoming rusty if left standing for a long time, but 
it is more expensive and less durable. With regard to the material for 
the brushes in standard machines, this should be carbon only, but in 
exceptional cases whenever very low voltages and heavy currents have 
to be dealt with, it is permissible to use carbon of special composition, 
containing a certain amount of copper or other metal which will 
increase the conductivity. These carbons, however, besides being 
fairly expensive, have all the disadvantage of causing a more rapid 
wear of the commutator surface than ordinary plain carbon. In 


. addition, they often alter their conductivity entirely under the influence 


of heat, and are therefore not very reliable. Copper brushes are per- 
missible with slip-rings, especially if they are made of malleable iron, 
and also in cases where the brushes are lifted off the slip-rings as soon 
as these are short-circuited. In connection with ball bearings, these 
have two very great drawbacks. The first one is that it is extremely 
difficult to fix the ball-races to the shaft. A tight fit is recommended 
by the makers, because otherwise the race is likely to run round the 
shaft. If, however, the ball-race is forced on the shaft slightly too 
tight, the race expands sufficiently to lock the balls in the outer race, 
or else it cracks. Ball-races with conical seating are in this respect 
much better than ones with plain cylindrical seating. The second 
drawback is that it is impossible to prevent some of the balls from 
breaking, and that whenever a breakage takes place parts of the 
broken ball wedge themselves in between the two races and lock them. 
The result is that the inner race, which is hardened, cuts the shaft very 
badly, so that it is necessary to renew the shaft as well as the ball 
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bearing. Roller bearings are being developed at the present moment M 


by the makers, and I have no doubt that if these can be obtained at a 
reasonable price they will be much more successful than the ball 
bearings. With regard to terminals, if it should be possible to come to 
agreement as to their position, manufacturers will be very glad to 
comply with any requirements. 

I agree with Mr. Gott that the speed of machines should be kept as 
low as possible, but it is a fact that there isa big market for high-speed 
machines at the present moment, and manufacturers have to include 
them in their lists. With regard to standardisation of voltage, a slight 
difference of 15 or 20 volts between different supply companies does 
not affect the manufacturer, as the same armatures can be used in both 
cases, and if the difference is small, even the same field winding. The 
speed of the machine will be slightly different, but this can be taken into 
account when offering the machine. With regard to splitting the 
frame of the machine, the general practice is to do so whenever the' 
armature becomes too heavy to be lifted out by two men. This is 
the case for all armatures above 14 or 15 in. diameter. 

Replying to Mr. Anderson, I am not afraid that the adoption of 
strict standards will lead to the crystallisation of types and stoppage of 
progress. Apart from the fact that every manufacturer is continually 
trying to improve his own types, there is the fact that competitors do 
not start producing the machines all at the same time,so that whenever 
anew type is put on the market, firms manufacturing older types are 
bound to bring out improvements to be able to hold their own. 

I agree with the remarks of Mr. Willmott that the question of draw- 
ings should be thoroughly discussed in connection with standardisation, 
but I would refer him to my remarks in the beginning, stating that the 
paper did not deal with the question of standardisation from the shop 
point of view, and that therefore this point, as well as the question of 
inspection of parts, should be omitted. I am afraid that the suggestion 
of altering the number of brushes instead of their thickness is hardly 
practicable, because it means increasing the length of the commutator 
every time the current of the machine is increased. The adoption of 
steel for the yokes of machines versus cast iron is a difficult matter to 
settle. From the designer's point of view, steel is preferable in most 
cases, as it enables a slight amount of copper to be saved, but from the 
general manufacturing point of view it is very troublesome, as steel 
castings require a long delivery, which is equivalent to necessitating a 
large stock being kept. Again,it would make the delivery of special 
types extremely long. 

In reply to Mr. Holt's statement that often a slight increase of the 
current above the standard would make the machine too hot, I would 
say that itis entirely a matter of fixing the limits of the standard 
sufficiently low to allow plenty of flexibility in all directions. The 
object of standardisation is to cheapen production through manufactur- 
ing the machines under favourable circumstances, and not by cutting 
down the design to certain definite figures of voltage and speed. As 
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S regards using armature stampings obtained from the centre portion of 
` a large machine for smaller types, my experience is that this is worth 
while doing whenever the diameter of the spider of the large machine 
is то in. ог more, but if smaller pieces only can be obtained the cost of 
making the spider for the large machine is more than the saving 
obtained. 

I agree with the remarks as to the use of enamelled wire. "This 
. wire сап be used in most cases for the field winding, but it is entirely 
unsuitable for armatures. The reason is that the makers at the present 
moment are not yet in a position to guarantee that the wire is covered 
evenly the whole length, and that it is a common occurrence to discover 
-bare pieces of an inch or two in length ; and whilst these do not matter 
seriously if wound in a shunt coil, they will cause certain breakdown 

if used on an armature. 
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THE PHYSICAL PROPERTIES OF SWITCH AND 
TRANSFORMER OILS. 


By W. POLLARD DIGBY, Associate Member, and 
D. B. MELLIS. 


(Paper received from the MANCHESTER LOCAL SECTION, February 12, and 
read at Manchester on March 22, 1910.) 


INTRODUCTORY. 


In presenting to a gathering of electrical engineers the present 
paper upon switch and transformer oils the authors must at the outset 
disclaim any broad claim as to absolute originality in its contents. 
The bulk of the contents of this paper represents the fruit of investiga- 
tions extending over many months, which were initially undertaken 
without any ideas as to publication, but for the sole purpose of 
acquiring knowledge as to the electrical properties of these oils in 
general, and the respective merits of well-known brands in common 
use. The subject is one whose bibliography has not formed the subject 
of a comprehensive review in this country since the paper read before 
the Institution by Hughes in 1892 on “Oil as an Insulator.” Yet in 
other branches of engineering science the study of materials which 
has commenced with the examination of physical properties before 
use has since tended towards examination of their properties and 
deterioration during use. Oil for oil-break switches and transformers 
has certainly not received the preliminary attention in the laboratory, 
nor the investigation in use that has been given to, say, transformer iron 
or to steel rails. As a result of casual rather than scientific selection, 
followed by carelessness and neglect, much trouble has probably 
arisen. Generally, the electrical engineer has purchased his oil 
on the strength of the literature of one or other of the rival makers 
which has guaranteed a flash-point, specific gravity, viscosity, and 
degree of chemical purity, or else upon a curve of the dielectric 
strength of a special sample of the oil. Thanks to taking matters on 
trust in this manner, the purchaser has not been aware that while flash- 
point, specific gravity, and viscosity are generally as advertised, the 
guaranteed chemical properties are less frequently afforded, while the 
widely circulated splendid curve of the dielectric strength (which was 
true enough of the special sample) is rarely reproduced on any com- 
mercial sample. Otherwise the electrical engineer has specified flash- 
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point, viscosity, chemical purity, and dielectric strength over a defined 
gap, and tests taken of one or two samples selected at random have 
been made. Unfortunately the contents of the several drums forming 
a simultaneous consignment of oils vary so greatly in their chemical 
purity, and still more in their dielectric strength, that tests of random 
samples are sadly misleading. Moreover, while the ohmic resistance 
of the copper used in all our operations is the subject of precise 
definition, and while minute impurities would indicate their presence 
by increasing the resistance, say, of a copper cable, the electrical 
engineer has not yet thought it worth while to investigate, and still 
less to specify, the specific resistance of this fluid insulating material. 
The omission of this means of testing has precluded the prompt 
discovery of minute traces of foreign matter which largely affect 
insulation resistance, although P. Humann, in 1903,* urged that the 
property of a high insulation resistance was desirable. 

It is therefore with the object of urging the systematic examination 
of oil before use, as well as suggesting standardised methods of testing, 
that the authors now put forward their account of some of the investi- 
gations which they have undertaken of some of the physical and 
chemical changes occurring through use. In so doing they desire to 
deprecate such criticism as that any good book on oils describes a 
viscosimeter or an apparatus for determining flash-points, or that 
others have discussed the relation between methods of taking dielectric 
tests of oil. While they consider that even the makers of the best oils 
fail every day to maintain a standard quality of excellence, they con- 
sider the electrical engineer to be equally to blame for not having 
insisted on uniformity of quality. For obvious reasons no single brand 
of oil is referred to under its trade name in this paper, but all samples 
are distinguished by initial letters and numbers. 

Regarding oil as an insulator, it is an obvious deduction from the 
physical facts of electrical conduction through metals and alloys that, 
just as the presence of any impurity in a metal increases its specific 
resistance, so the presence of any soluble impurity in oil must tend to 
decrease its value as a medium offering a resistance to the flow of 
electric current. The parallel case of another fluid—viz., distilled 
water—has close points of resemblance to oil used as an insulator. 
Distilled water when exceptionally pure has a specific resistance of 
700,000 ohms per cubic centimetre, and normal good distilled water a 
specific resistance of 300,000 ohms. The addition to a litre of the 
last mentioned of only 1 milligramme of sodium chloride suffices 
to reduce the specific resistance to approximately one-half. The 
grading of oils according to their specific resistance gives a fair 
indication of their purity. There is, however, a large range in the 
specific resistance depending on the presence or absence of impurities 
in an amount determinable qualitatively as * traces" rather than quan- 
titatively as analytically ascertainable volumes. 

Impurities ordinarily present in the oils supplied for use for 


* Elektrotechnische Zeitschrift, vol. 24, pp. 760 and 875, 1903. 
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oil-break switchgear or for transformers fall under the following 
heads :— 


. Moisture, 

. Alkaline substances. 

. Resinous or resinoid matter. 
. Acids. 

. Sulphur compounds. 


N м 


л -ь C 


Their presence may be due to improper or inadequate refining, or 
to wilful adulteration, or to accidental contamination. 

In storage the oil may undergo certain chemical change. An 
alkaline oil would be likely to absorb moisture from the atmosphere, 
which would lower both its dielectric strength and its specific resist- 
ance. An oil stored or transported in wooden barrels might be 
contaminated by resinoid substances. 

During use in oil-break switchgear chemical and physical changes 
occur. These include the absorption of moisture from the atmosphere, 
the carbonisation of the oil, increases in specific gravity and in viscosity 
and changes in flash-point. Also dust finds its way into the oil tank, 
while the effect of the arc which is broken on opening the switch 
is to produce decomposition and a gradual change in the properties of 
the oil. When used in transformers the absorption of vegetable oils 
from varnishes, nominally but not actually oil resisting, is probably the 
most prolific of the sources of trouble. Dust, in this instance, also finds 
its way into the oil, and either or both of these foreign matters will 
render the oil more viscous, and restrict or reduce its circulation ; 
further, through electrostatic attraction, dust adheres to windings and 
core, interfering with the heat transfer in much the same manner that 
scale limits the transmission of heat through boiler plates. — . 

Of the properties requisite in a mineral oil for transformers the 
authors would urge :— 


I. Absence of moisture. 

2. Good dielectric strength. 

3. A low viscosity to facilitate the heat transfer from the core and 
windings to the case. 

4. А flash-point expressed by a figure which is two to three times 
the designed temperature limit of the transformers in *C. 

5. An absolutely neutral reaction. 

6. Complete absence of vegetable oils or resinoid material. 

7. Freedom from metallic salts. 


For switchgear the authors would emphasise the need of points 
I, 2, 5, 6, and 7. Viscosity is discussed later in the paper, and the flash- 
point might be put at least six times the expected engine-room 
temperature. 

The following preliminary notes are collected from the laboratory 
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records of one of the authors upon a number of oils passing through 
his hands before their joining forces to study this matter :— 


Р т was a switch oil having a flash-point of 173°5°C., and a 
viscosity of 94'4. The specific resistance was only 149,000 
megohms per cubic centimetre. This oil was rejected with- 
out further examination. 

P 7, also a switch oil, was found to have a specific resistance of 
only 2,127 megohms, and to have a heavily alkaline reaction. 
Its dielectric strength was found to be 4,000 volts between 
4 in. diameter balls тоо mils apart. 

P 8, from the same maker, was rejected for alkalinity and resinoid 
matter, the specific resistance being 46,800 megohms. 

P 9, also from the same source, had a specific resistance of 683,500 
megohms, and was approved as an official sample. 

P 14 was the oil supplied, and nominally in strict accordance with 
Pg. Yet its specific resistance was only 262,000 megohms, 
and it was found to be slightly alkaline and to contain 
considerable resin. On a dielectric test, it was found to 
break down at 6,230 volts between brass balls } in. diameter 
and 100 mils apart. 

P 10 was a transformer oil stored in a wooden barrel. Its specific 
resistance was found to be 382650 megohms, with slight 
traces of resin, and 0'57 per cent. loss at 100? C. 

P 13, offered in substitution for P ro, had a neutral reaction, was 
free from resin, and had a specific resistance of 2,088,600 
megohms. It had been stored in a steel drum. 

P15 was a switch oil with a distinctly alkaline reaction, and 
showing o'21 per cent. loss at 100° C., the specific resistance 
being 273,800 megohms. 

P 19 was offered for use for some transformers. It contained 
considerable resin, and was slightly alkaline, the specific 
resistance was 40,000 megohms. Over a distance of 200 
mils the disruptive strength of this oil was found to vary 
from 8,000 to 30,000 volts. 


A discussion of the extreme variations recorded above determined 
the authors to investigate these insulating materials in a systematic 
manner. 


DETERMINATION ОЕ SPECIFIC RESISTANCE. 


For the measurement of specific resistance the authors have mainly 
employed the horizontal form of test-plates with areas of roo or 
200 sq. cm., illustrated in Fig. т. The apparatus employed consists 
primarily of two metal discs of even surface arranged parallel to but 
insulated from one another. The distance between these is regulated 
by a micrometer head on the spindle of the instrument. This spindle 
is hollow and of an insulating material such as ebonite. Through the 
spindle is carried the lead of the bottom plate, a separate connection 
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being led to the top plate. These leads are connected to a megger or 
other form of ohmmeter. The handle operating the generator of the 
megger is then turned, and simultaneously the distance between the 
test-plates is adjusted by the micrometer head until a steady and exact 
position is indicated upon the megger scale, taking preferably a point 
about three-quarters of the distance along the scale. Succeeding 
readings are taken reducing the distance between the test-plates and 
the resulting lower megger readings noted. Ву reason of the fact that 
a series of such readings, if plotted, gives a curve of hyperbolic shape 
instead of a straight line (this resembling a curve showing the relation 
between pressure and distance upon dielectric tests of such oil), the 
mean specific resistance is calculated as the mean of a series of such 
readings. Directly the megger needle oscillates violently, or directly 
sparking takes place, the series of readings is discontinued. The 
readings must always be taken in a descending order of values for 
insulation and of film thickness, as when once sparking takes place 
the specific resistance of the liquid is altered and lower values result. 
The specific resistance per cubic centimetre for any given distance 
then equals— | | 


observed resistance x area of plates in square centimetres X 3937 
distance between plates in mils 


PROPERTIES OF TYPICAL OILS. 


A series of six special samples of oil, each from a separate maker, 
was obtained for comparative examination. Dielectric tests between a 
needle-point and disc were first taken over a series of distances 
between 25 and 400 mils. The appended set of curves numbered, 
Fig. 2 to Fig. 7, illustrates the behaviour on dielectric test of these oils 
in their condition as received from the manufacturer, The apparatus 
used is illustrated in Fig. 8. 

The table on page 172 sets out their physical properties as received. 

The test results taken at successively increasing distances between 
the needle-point and disc give characteristic curves for each of these 
oils. A new needle was fitted after each discharge, but fresh samples 
of oil were not used for each discharge. Against the characteristic 
curve for each oil is drawn the parabola y = 0:895 „/х. The only 
point calling for comment in the foregoing table is the fact that 
very high specific resistances are obtained in cases H 1 and H 3, 
where the disruptive voltage at тоо mils is 11,000 volts or over, 
whereas in H 2, the lowest specific resistance of the series, the oil 
had a disruptive strength at 100 mils of 8,750 volts. The low dis- 
ruptive voltage of 8,000 volts with a moderate specific resistance 
recorded for H 6 is discussed subsequently. 


METHODS OF TESTING OIL FOR DIELECTRIC STRENGTH. 


In testing oils for dielectric strength it is usual to immerse two 
terminals or clectrodes beneath the surface of the oil undergoing 
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examination at a known distance from each other, and apply a rising 
voltage to them till the insulating oil-gap between them breaks down 
by arcing through. The distance between the electrodes may be 
varied, and the limiting voltage found for a variety of distances. 
These results can be plotted on squared paper in the form of a 
curve. As will be shown later, the form of the curve will depend 
to a great -extent on the shape of terminal used. The apparatus 


employed should embody the following features: (r) The quantity 
of oil required to make a set of tests should be as small as possible. 
(2) The electrodes should be readily interchangeable, so that various 
shapes can be fitted as desired. (3) The distance between the 
electrodes should be easily and accurately adjustable to any desired 
value. (4) It should be an easy matter to clean both containing vessel 
and terminals after a set of tests, so that there will be no danger 
of contamination of the next oil to be examined. 

The apparatus illustrated in Fig. 8 complies with these require- 
ments fairly well. A tall, narrow glass jar is drilled at the bottom, 
and a shank is passed through the hole and held in position by a nut 


174 DIGBY & MELLIS : PHYSICAL PROPERTIES OF [March 22nd, 


and leather washers. The lower end of this shank fits into a socket 
embedded in the stand, which is connected to a fixed terminal mounted 
on it. The upper end of the shank, inside the glass vessel, is arranged 
to support various shaped electrodes, which slide on to it. The base 
also supports a vertical wooden pillar, on which can be clamped at the 
upper end a metal piece carrying a rod which points vertically down- 
wards to the electrode carrier fixed inside the glass vessel. The lower 
end of this vertical rod is arranged to carry suitably shaped electrodes, 
and its height, and consequently the distance between upper and lower 
electrodes, can be adjusted accurately by means of the micrometer 
head. The method of procedure when using the apparatus is to fit 
suitable electrodes and then to pour a definite quantity of oil into 
the testing vessel—say 10 oz.—and place it in position on the stand. 
Clamp the metal upper carrier in position and connect the two 
electrodes in series with a dry cell and a low reading (preferably 
moving coil) voltmeter. Screw down the micrometer head until the 
voltmeter just shows that a contact is made, set the zero of the micro- 
meter, and by it raise the top electrode a definite amount. Disconnect 
the dry cell and voltmeter and connect the electrodes to the terminals 
of the transformer, or other source of testing voltage, which can be run 
up until the oil arcs through, note being taken of the voltage at which 
this occurs. The test can be repeated profitably a number of times 
over different distances, and the results plotted in the form of a curve, 
abscissa representing the distances between the electrodes, and ordi- 
nates the puncturing voltages. As already mentioned, the shape of 
the electrodes influences the value of puncturing voltage which will 
be found over a given distance, and in making comparative tests 
with different samples of oil it is advisable to choose the terminals 
which give— 


I. The lowest possible puncturing voltage, over a given distance ; 
for this is the limit of what might be expected in actual, 
practice ; and— 

2. 'The most consistent set of results with any one oil. 


It is found that with one, or both, electrodes pointed the second of 
these conditions is complied with, while with electrodes consisting of 
a point and disc respectively, the first condition is complied with. 
When a pointed conductor is held opposite a metallic plate, the dis- 
tribution of lines of electrostatic force, or Faraday tubes, will be some- 
what as shown in Fig. 9, when the plate and point are maintained at 
different potentials. If the difference of potential be continuously 
raised, the dielectric will eventually give way when the maximum value 
of the potential gradient reaches some critical value. Suppose now 
that the plate be moved a little further away from the point. With the 
same value of difference of potential the total number and maximum 
density of Faraday tubes will be slightly diminished, and to bring the 
latter back to its former value an increase in the difference in potential 
will be required. Since the density of Faraday tubes is least in the 
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neighbourhood of the plate (that is, the potential gradient is least) this 
increase in difference of potential required, expressed as a fraction of 
the original difference of potential, will not be as great as the increase 
in distance between the plate and point, expressed as a fraction of the 
original distance. Consequently we should expect that the curve con- 
necting the limiting values of difference of potential between the plate 
and the point, and the distance between them; would bend over as the 
distance increased. This is obtained in practice. Again, since the 
Faraday tubes have a tension along their length, and their ends on 
the plate represent electric charges, which are free to move about, it 
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FIG. 9. 


follows that all the Faraday tubes spring normally from the plate. For 
if they did not, the electric charges would be moved by components of 
their Faraday tube tensions until those components became zero. If 
the plate and point were exchanged from right to left, an exactly sym- 
metrical distribution of field would occur, as indicated by the dotted 
lines ; consequently if two points were used in the positions shown, 
with double the difference of potential between them that there is 
between the one point and plate alrcady discussed, the distribution of 
field would be exactly the same, and therefore also the maximum value 
of potential gradient. This is a particular case of Lord Kelvin'stheorem 
of * Electric Images." From this we should expect that the puncturing 
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voltage between two points would be twice that necessary to puncture 
half the distance between a plate and a point, and that, given the curve 
showing the puncturing voltage between a point and a disc, we could 
construct the curve showing puncturing voltage between two points. 
When two spheres are maintained with a difference of potential between 
them, and their distance apart is small, as compared with their diameter, 
the electrostatic field wil? be distributed somewhat as shown in Fig. то. 
The density of Faraday tubes is fairly uniform in the space between the 


FIG. IO. 


balls—that is, the potential gradient in passing from the surface of one 
ball to that of the other is fairly uniform. Consequently if the balls are 
moved slightly further apart, the increase in voltage necessary to main- 
tain the maximum value of potential gradient will be nearly propor- 
tional to the increase in distance. From this we should expect that 
the curve connecting puncturing voltage and distance will be nearly a 
straight line when testing between balls whose diameter is considerable 
as compared with the distance tested over. These results are illus- 
trated by the curves shown in Fig. тї. The lower full-line curve shows 
the relation between puncturing voltage and distance when testing 
between a point and disc. It will be observed that the experimental 
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points obtained lie with considerable consistency on a smooth curve. 
The upper full-line curve was deduced from. the lower one, by taking 
for each ordinate double the ordinate of the lower curve at half the 
sparking distance. Thus, from the reasoning given above, the upper 
curve should represent the relation between voltage and sparking dis- 
tance when testing between two pointed electrodes. The actual points 
obtained by experiment between two needle-points are indicated on the 
paper by three-legged stars, and it will be seen that they follow very 


Kilo-volts 


e Between needle-point & disc. 
% diam. ball |. 


O 50 roo r50 200 250 300 350 400 
Sparking distance in mils. 


FIG. 11. 


closely the theoretical curve. Thus the theoretical considerations are 
verified. "The points indicated by the squares were obtained by testing 
between two 3-іп. balls, and it will be seen that not only are the figures 
obtained much more erratic than before, but that the law which they 
obey is totally different, and approximates to a straight line law, as indi- 
cated by the dottedline. This also is what we have been led to expect. 
The points indicated by the four-legged stars were obtained by using as 
electrodes‘ a i-in. ball and a disc, and again, as we should expect, the 
figures are on the whole slightly lower than those obtained between two 
balls. From consideration of the electrostatic fields between different 
shaped electrodes, as verified by the experiments just described, we see 
that the lowest puncturing voltages will be obtained over reasonable 


VoL. 45. 
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distances when a point and disc are used, and as this arrangement 
also gives consistent readings, we adopted it for our tests. After 
each puncture the end of the needle-point used is fused and 
destroyed, so that it is necessary to fit a new needle for each reading. 

Also at each puncture a certain amount of oil is decomposed, carbon 
being thrown down and gas escaping, to which further attention will 
be given. After a number of punctures have been taken on the same 
sample of oil it becomes quite black with the carbon in suspension, and 
it may be argued that it is not fair to the oil to go on making further 
tests on its dielectric strength after it has reached this condition. We 
accordingly made tests to discover how much, if at all, the oil 
deteriorated, and found, contrary to what might have been surmised, 
that even after the oil was as black as ink its dielectric strength had 
not appreciably weakened. In fact, we frequently found that after a 
puncture or two the dielectric strength improved, probably due to some 
slight impurities being burned out. This is in agreement with Skinner's 
results. To illustrate this statement the following figures give the 
results obtained by repeatedly testing a ro oz. sample of oil over 
a 200 mil distance between a point and disc, alternatively using 
frequencies of 25 and 50 :— 


25 Periods. 50 Periods. 
13,100 7А тА 13,430 
12,900 d es 13,250 
12,900 ite ys 13,250 
12,900 13,250 
12,900 13,250 
12,900 13,430 
13,250 14,450 
13,770 14,780 
14,470 15,170 
13,770 14,830 
13,250 14,970 
14,350 15,030 
14,780 14,960 
14,780 15,120 
14,610 15,210 
14,800 15,280 


Temperature at start, t 65° F., and at finish, 69° F 


There was a slight fall in puncture voltage after the first two tests. 
After that the figures were very steady for ten more punctures, when 
they began to go up steadily. The rise in puncture voltage in this case 
is probably due to rise in the temperature of the oil, whicle rose from 
65° F. to 69? F. during the tests, due to the arcing. Further reference 
to the effect of temperature will be made. After thirty-two 
punctures the oil was certainly not weaker through carbonisation than 
it was at the beginning, and very consistent results were obtained for 
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about a dozen punctures. This number of tests is quite sufficient to 
obtain the curve for the sample, and we are thus justified in using the 
same sample, without renewal for a complete set of, say, ten readings, 
at successive distances of 25, 50, 75, 100, 150, 200, 250, 300, 350, and 
400 mils between the needle-point and the disc. 


EFFECT OF BAKING ON THE DIELECTRIC STRENGTH OF OILS, WITH 
ACCOMPANYING CHANGES IN PHYSICAL AND CHEMICAL PROPERTIES. 


The oils furnishing the series of samples H 1 to H 6 were then baked 
for 24 hours at a temperature of 240° F., and after cooling the set of 
curves illustrated in Fig. 2 to Fig. 7 obtained. 

The table on page 180 sets out their change in physical properties 
after baking, increases being indicated (+) and decreases (—). 

Examining the above cursorily, the two points of outstanding 
interest are the increases in the disruptive voltage in four out of the 
six cases, and the pronounced darkening of the colour in each case. 
Examined in detail, we have inthe case of Sample H 1 a fractional 
change of about 5 per cent. in the disruptive voltage, no change in 
specific resistance, and slight increase in specific gravity and viscosity. 
The decrease in the flash-point is not easily explicable. 

Sample H 2 showed marked increase in the disruptive voltage and 
specific resistance, slight increase in viscosity, and a marked raising of 
the flash-point. The fall in the specific gravity, considered in the light 
of the other changes, suggests the presence both of traces of moisture 
and of a large proportion of volatile oils. 

Sample H 3 shows an increase of less than 5 per cent. in the dis- 
ruptive voltage, with slight increases in viscosity and specific gravity 
and a marked raising of the flash-point. The decrease in the specific 
resistance while apparently large is in reality of small moment, as 
when high degrees of purity are reached a minute accidental trace 
occasions a marked lowering of the value. Some trifling accidental 
contamination is probably the reason for this. 

Sample H 4 shows an increase of nearly 10 per cent. in the dis- 
ruptive voltage, with the heaviest increase of the series in the specific 
gravity and viscosity. Possibly slight traces of acid together with the 
large quantity of resin present have facilitated changes in the oil 
which are further exemplified by the very marked colour change. 

Sample H 5. The fallin disruptive strength of this sample is some- 
what difficult to explain. The increases in specific gravity and vis- 
cosity arc not so marked as in H 4. The colour changes are every bit 
as marked as in H 4, but the absence of resinoid imaterial does not 
permit our ascribing the colour change to the agency of resin. 

Sample H 6 is interesting as having its disruptive voltage increased 
by over 35 per cent. as the result of the baking, together with a raising 
of the specific resistance by 800,000 megohms. The slight fall in the 
specific gravity coupled with a flash-point only raised a few degrees, 
points to the initial presence of slight traces of moisture which were 
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expelled with a very small quantity of oils volatile at less than 240? F. 
The change in the viscosity is quite small. 

Reviewing, therefore, the effect of baking this series of oils, we have 
the following general deductions :— 


I. Àn increase in the disruptive voltage where this was less than 
10,000 volts over the test distance. 

2. No increase in specific resistance for oils of high specific resist- 
ance, but an increase of specific resistance in those cases 
where decreases in specific gravity indicate the expulsion of 
moisture. 

3. A general increase in specific gravity and viscosity, and a raising 
of the flash-point, due to the evaporation of the more volatile 
constituents. 

4. Marked changes in the colour of the oil, in each case of a 
darkening nature. This is probably due to the evaporation 
mentioned above, coupled with molecular regroupings of the 
constituents. 

5. A tendency to emphasise the indications of any traces of alkali, 
the change being from neutral to very faintly, or from faintly 
to distinctly alkaline. 

. Irregular behaviour in regard to the indications of the presence 
of resinoid matter. This varies with the nature of the oil, 
and is probably worth further investigation. 


ON 


PHYSICAL EXAMINATION OF OILS. 


The physical examination comprises determinations of the specific 
gravity, the viscosity, the flashing-point or temperature at which the oil 
gives off an inflammable vapour, the specific electric resistance and 
dielectric strength. The specific gravity may be taken by means of a 
specific gravity bottle and the balance; but the high coefficient of 
expansion of oils necessitates very careful attention to the temperature. 
The hydrometer, if delicate, may also be employed, but a very satis- 
factory method of determining the specific gravity is afforded by the 
Westphal balance (see Fig. 12). A glass plummet containing a small 
thermometer is suspended by a very fine platinum wire from the end 
of a graduated balanced lever, and on being immersed in the oil con- 
tained in a glass cylinder loses weight; equipoise is brought about by 
placing on the graduated arm rider weights so adjusted as to give direct 
readings, which are quite equal in delicacy to results obtained by the 
balance and specific gravity bottle, and decidedly superior to those ob- 
tained by the hydrometer. | 

The viscosity is best ascertained by the Redwood viscosimeter 
(Fig. 13) which consists of an inner tube of thickly silver-plated brass 
or copper 3 in. high, by 1% in. internal diameter, having at the centre of 
its lowest point an orifice of defined size in an agate cup, which orifice 
can be closed either by the bulb of the thermometer or by a ball plug 
attached to a wire. Near the top of the interior of the tube a metal 
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point is fixed to indicate the exact height to which the oil should 
reach, so as to start the experiment with an invariable head of oil. 
This tube is surrounded by a cylindrical vessel of copper, and the 
temperature of the inner tube is regulated by that of the water or 
other liquid contained in this outer vessel. А cylinder of thin copper, 
closely surrounding the inner tube, is furnisbed with inclined paddles 
which afford the means of thoroughly agitating the liquid in the outer 
vessel, a handle being attached to the top of the curved rim for the 
purpose of revolving this mechanism. The outer vessel is provided 
on one side with a tube depending at an angle to which a flame can 
be applied for the purpose of increasing the temperature, and on the 
other side with an outlet tube furnished with a tap. The whole 
apparatus is mounted on a tripod stand with levelling screws. The 
determination of viscosity is effected by filling the inner vessel to the 
top of the metal-point with the oil to be examined, which is then 
brought to the required temperature, usually 15:5? C., and when the 
thermometers in the inner and outer vessel are both steady at the 
desired temperature a 50-c.c. graduated flask with a narrow neck is 
placed under the hole in the agate cup, the valve plug removed, and 
the time noted in which 5o c.c. of the oil runs through. The viscosity 
is then calculated by multiplying the time in seconds by 1oo and by 
the specific gravity, and dividing the product by 489'525, a constant 
arrived at by taking the time for pure rape oil (having a viscosity 
of тоо) as 535 seconds, and multiplying this figure by о'915, its specific 
gravity. Very great care must be taken to ensure the temperature 
remaining constant during the time the oil is running out, as a 
variation of even 4° F. will cause an appreciable difference in the 
result when viscosity is high. The flashing-point of such oils as are 
now under consideration is best ascertained by some such apparatus 
as the Martin-Pensky, shown in Fig. 14. The oil to be tested is placed 
in a tinned brass cup furnished with a lid having a revolving cover, in 
which are three open spaces, the middle one of which permits a small 
gas jet giving a bead-flame having a diameter of about o'12 in. 
to be depressed through the opening into the oil-cup at regular 
intervals by a motion of the head of the vertical handle. The oil-cup 
must always be filled to a constant height of about 15 mm. from its 
upper rim, and is placed in a cast-iron well, of such dimensions as to 
leave an air-space between it and the oil-cup, attached to the outer 
dome. Beneath the cast-iron well a ring covered with stout gauze 
serves to equalise the heating action of the powerful Bunsen burner 
supplied with this form of apparatus. In taking a test. it is requisite 
that when the neighbourhood of the expected flashing-point is reached 
the temperature should be so regulated as to rise only about 1° 
per minute, whilst the oil must be kept constantly agitated by 
rotation of the stirrer through the flexible attachment which is readily 
manipulated by the fingers. The aperture in the cover of the oil-cup 
should be gradually opened during a period of 3 seconds and 
closed in the fourth second. When an appreciable quantity of an 
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inflammable vapour is being given off a sharp blue flash will be 
observed on the bead-flame being depressed into the oil-cup. A check 
reading should be taken as the temperature falls, and the flashing- 
points with temperature rising and with temperature falling should be 
almost identical. | | 

The coefficient of expansion of petroleum varies inversely as the 
specific gravity. A. H. Allen gives the following figures:— 


Specific Gravity at 15° C. Expansion Coefficient for 19 C. 
Under o7oo  .. ee si гое 0°00090 
0°700 to 0'750  ... an is UM 0'00085 
0'750 to o'8oo ..  .. is ..  0°00080 
o'800 іо 0:815  ... se m les 0'00070 
Over o'815 _ sie es Im TR 0'00065 


CHEMICAL EXAMINATION. 


In many instances it is desirable to ascertain the nature of oil 
intended for use in switches and transformers, and to establish its 
freedom from impurities and additions which might make it unsuitable 
or might tend to cause deterioration. The oil should be pure mineral 
oil, free from moisture or any notable proportion of oils of low boiling- 
point, alkali, acid, sulphur and its compounds, resin, fatty oils, tarry 
matter, and metallic soaps. Colour is not always an index of quality. 
A dark-coloured oil may be quite pure, but is less likely to be so than 
an oil of a golden shade. Fluorescence is a usual characteristic of 
most mineral oils, but is entirely absent in some. Odour, cold or on 
warming, if pronounced, indicates imperfect refining or undesirable 
volatile compounds. Turbidity may be caused by the presence of water 
or of solid hydrocarbon bodies. In the first case, frothing generally 
ensues on heating; and in the other, solution would take place. 
Turbidity may also arise from suspension of insoluble solid matter. 
Moisture may be detected by means of exsiccated cupric sulphate, 
which is coloured blue by the slightest trace of water. The rough- 
and-ready test by immersion of a strongly heated bar of metal is also 
useful. The amount of moisture and oils of low boiling-point is deter- 
mined by the loss of weight at 100°C. First-class oils rarely show a 
greater loss than 0°3 per cent. in six hours ; and when the figure exceeds 
0'5 per cent. the flashing-point or the specific resistance may be low. 

Alkali and acid, if present, are found by shaking the oil with an 
equal bulk of boiling water in a separator-or a closed tube, which is 
then maintained at a temperature of 08° C. to 100? C. until separation is 
complete, when the aqueous liquid is tested with suitable indicators. 
Phenol-phthalein is not reliable, and is not affected by the soaps 
of alkali metals ; whilst methyl-orange cannot be used with hot liquids. 
Tincture of cochineal prepared with 20 per cent. alcohol is most 
generally suitable. In neutral solutions its colour is red; alkali 
produces a violet purple, and acid gives a yellow colour. When used 
with due care it is very sensitive. Alkali (soda) is also indicated by 
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the production of a milky white emulsion ; whilst resin is precipitated 
in fine, white granules, which form a well-defined band at the point of 
separation of the oil from the water. А. Н. Allen, in his “Commercial 
Organic Analysis," states that “alkali is often purposely left in an 
oil with the view of increasing its 'body' or viscosity. This is 
effected by blowing air through the imperfectly washed oil. As 
the moisture is got rid of the oil takes up the soda while remaining 
perfectly transparent. Such oil is very prone to oxidise, and becomes 
turbid on exposure to air from absorption of moisture. It is also liable 
to change in colour. The authors have found that slight traces 
of alkali are liable to cause deterioration in the specific resistance 
in consequence of absorption of moisture. 

A portion of the separated water used to extract acid and alkali 
is tested for sulphuric acid and sulphonates by addition of solution 
of baric chloride. | 

Sulphur may be identified by applying the nitro-prusside test to 
an aqueous extract separated after the oil has been subjected to the 
action of metallic sodium. The slightest trace of sulphur gives an 
intense violet-blue colour. This test should not be attempted by thosc 
who have not had chemical training. Sulphur compounds give a 
brown colour on addition of silver nitrate to a slightly ammoniacal 
extract from a heated mixture of the oil with alcohol. Fatty oils and 
resin are indicated by the acrid or resinous odour given off when the 
oil is heated until its vapour ignites and the flame blown out. The 
fatty oils are definitely detected and their amount estimated by 
saponifying the oil, washing the aqueous soap solution with ether, 
and separating the fatty acids. Resin may be approximately estimated 
by agitating the oil with fairly strong alcohol, which is then separated 
and evaporated to dryness. Free fatty acid would be extracted from 
the oil by alcohol; but it is not likely that any would be present. 
Resin gives a brown colour to caustic soda. If the oil contain tarry 
matter, it is detected by agitating the oil with an equal volume of 
solution of caustic soda of specific gravity 1°36 and separating at 
55° C. The tar, etc., will be precipitated. 

Mineral impurities and additions will be found in the ash left 
on ignition of the oil. Alkali-metal soaps leave an ash having a strong © 
alkaline reaction; and any free fixed alkali (soda) existing in the 
oil would give a similar result. Oleate and palmitate of aluminium 
are occasionally added to mineral oils to increase the viscosity ; and the 
ash from such oil contains oxide of aluminium in sufficient quantity to 
give proof of the presence of aluminium. Aluminium soap may also be 
found by extracting the oil with ether and dilute acid. The addition 
of ammonia to the separated and filtered aqueous liquid gives the 
characteristic precipitate of aluminium hydrate. 


RELATION ОЕ DIELECTRIC STRENGTH TO TEMPERATURE. 


The fact of the variation of specific resistance with temperature 
suggested to the authors the advisability of studying the relation 
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between temperature and dielectric strength. For this purpose the 
needle-point and disc were set at a distance of тоо mils and the 
temperature gradually raised to about 300° Е. The time occupied in 
heating was about one hour. The temperature was then allowed to 
fall, an operation taking about the same time, The dielectric strength 
was tested during both the heating and cooling periods. In only two 
out of the six cases were points given on cooling identical with the 
heating curve. In these two cases the specific resistance of the oil as 
supplied was very high indeed. 

The table on page 186 sets out the main results of this investi- 
gation. 

A comparison of the variations of the dielectric strength with tem- 
perature with the changes in the physical properties produced by 
baking for twenty-fours at 240? F. shows that the three classes under 
which their behaviour after dielectric tests at varying temperature falls 
bears a distinct relation to the other properties of the oil. We have, 
first of all, the oils having identical dielectric strength curves on 
heating and cooling—viz., H тапа Н 3—which were oils of high specific - 
resistance and fair purity. Secondly, there are oils giving a higher 
dielectric strength on fall of temperature, such as H2 and H 6. These 
were oils whose specific resistance and dielectric strength were 
improved by baking, and which probably contained moisture. 
Thirdly, there was sample H 5, which gave a lower dielectric strength 
on fall of temperature ; this oil fell in disruptive strength after 
baking. Sample H 4 behaved very irregularly ; at its initial chemical 
examination it was found to contain large quantities of resin and slight 
traces of acid. | 

It is obvious from these tests that for all oils the dielectric strength 
increases with increasing temperature, but that consistent readings on 
the ascending and descending temperature curves are only obtained 
by oils of high specific resistance, i.e, pure oils. This fact of increase 
of dielectric strength with temperature throws a grave doubt on the 
soundness of the general practice of nearly all makers of oil-cooled 
transformers, who apply lower test pressures to the transformer when 
heated at the end of a test run, than when it has been allowed to cool 
down. 


THE RELATION or ViscosiTY TO TEMPERATURE. 


The “ body” or viscosity of oils is very materially affected by varia- 
tion of temperature. They all become thinner with increase in 
temperature, and the higher the viscosity at ordinary temperatures the 
greater is the effect of heat in reducing the viscosity. The specific 
gravity of an oil is quite valueless as an index of its viscosity. The 
specific gravity of a pure oil is dependent on the atomic structure of 
the molecule ; but the viscosity is most probably determined by the 
molecular grouping. The viscosity of Russian mineral oils is greater 
than that of American mineral oils of the same specific gravity ; and 
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for equal increments of temperature the viscosity of the Russian oils 
falls to a greater extent than that of the American oils. 

А sample of a well-known brand of switch and transformer oil, 
of American origin, of thc class referred to in this paper as H r, having 
a specific gravity of 0'8588 at 60° F., examined in the authors’ 
laboratory, gave the results stated in column A of the following table ; 
and columns B and C show the varying viscosities of (B) American oil 
of specific gravity o'913 at 60° F. and (C) Russian oil of specific gravity 
0*915 at 60° F., calculated from results published by Boverton Redwood. 
The oil B approximates to that which is designated elsewhere as H 5. 


to Е. Tm Rum E 

бого 25°40 5511 3709 

80°0 16°37 31°66 16772 
IOO'O II'41I 20'42 | 81°23 
120°0 9'18 14:25 44 92 
1400 7:83 10°52 26°40 
160'0 684 8-29 оп 
б 6°27 E 12:12 
joe 589 — 3 
ТЕ - — 963 


It will be seen that at 60° F. the viscosity of B is, roughly, double 
that of A; but at 120? F. is only about 50 per cent. greater, whilst the 
difference rapidly diminishes at still higher temperatures (see Fig. 21). 

The viscosity of transformer oil should be low enough to 
ensure free convection with a moderate rise of temperature, above 
бо? F.; nevertheless an allowance for the lowering of the viscosity 
when the oil becomes warm may be made in deciding on the suitability 
of an oil for use in transformers. The viscosity at 60° F, should 
be regarded as the index. Taking 130? F. as the temperature, which is 
frequently attained in a transformer under average conditions in the 
English climate, it is manifest that an oil which would not quite afford 
free play to convection currents below 100° F, might be as satisfactory 
as one possessing the requisite degree of mobility at 70° or 80° F. Of 
course, the heating of transformers varies with the working conditions, 
and it is therefore difficult to fix the maximum viscosity permissible. 
As a rule, however, a viscosity higher than 70 or 75 is undesirable 
unless atmospheric temperature, load, and duration of running are such 
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that high temperatures are inevitable. Where such conditions do not 
arise a viscosity not exceeding 45 to Şo is to be preferred. Given 
equality in other respects, oils having the lowest viscosity should be 
selected for transformers. А 

For switches, too, the use of an oil having а viscosity sufficiently 
high to prevent or seriously to impede the subsidence of suspended 
matter is to be avoided. Considered electrically, the authors have 
not yet satisfied themselves as to whether—other factors being equal— 
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thin or thick oils are to be preferred. So far as temperature is con- 
cerned in well-designed switchgear with no local heating and infrequent 
opening, the temperature of the switchboard gallery alone calls for 
consideration. The function which the oil has to serve is either that 
of preventing the formation of the arc or of quenching it when struck. 
In effecting this the decomposition of the oil should be as small as 
possible. From the theoretical point of view, a heavy oil should hinder 
the formation of an arc owing to its molecular tenacity, while a thin 
oil with a more rapid rate of flow would probably be quicker in 
extinguishing the arc. The authors hope to be able to investigate 
this subject by means of the oscillograph at a later date. 
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VARIATIONS IN THE PROPERTIES OF OILS FORMING A SINGLE 
; CONSIGNMENT. 


The authors have already stated that while flash-points and viscosi- 
ties of samples taken from a number of drums agreed very closely 
with the makers’ guarantees, dielectric strength varied very widely 
from this. An excellent example of this is afforded by an instance 
arising in the course of the routine testing carried out by one 
of the authors. The consignment was small in quantity, being only 
about 800 gallons, and was supplied to the following specifications : 
“A fluid oil of high dielectric strength, with a flash-point over 177° C., 
absolutely free from water, sulphur compounds, acids, and alkalies, to be 
supplied. . . . A dielectric strength of 14,000 volts to be obtained 
between needle-points 4 in. apart... ." 

Ten samples were taken from то out of the 21 steel drums con- 
taining the oil. The table on page 192 sets out the properties of the 
samples. 

Three of the above drums were rejected on the dielectric tests, and 
as these tests were of the everyday commercial order, other tests were 
not taken. But as these failures represented зо per cent. of the 
quantity sampled, and 15 per cent. of the entire order, this indicates 
the necessity of examining each drum or cask if the properties called 
for in a specification are actually required, and the latter is not to be 
relegated to the category of very excellent literature which may be 
piously perused and then pigeon-holed. 


THE EFFECT OF A SERIES OF DISRUPTIVE TESTS ON CHEMICAL AND 
PHYSICAL PROPERTIES. 

Primarily the effect of a high-tension discharge through an oil is 
to char part of it, converting a portion of the hydro-carbon into 
an amorphous carbon in the shape of minute particles with the 
liberation of a small bubble of gas. These particles first appear in 
the form of a cloud. Segregation of the particles ensues followed 
by sedimentation, the rate of which is by no means constant. Samples 
of oil from a consignment of the same brand, after flashing, have been 
found cloudy owing to carbonaceous matter in suspension after stand- 
ing untouched for a week, whereas other samples from the same 
consignment are relatively clear in one or two days, the minute 
particles having coalesced to form distinct granules at the bottom of 
the vessel. This difference in behaviour is a little difficult to explain, 
as in each case the same automatic switch broke the primary circuit 
of the transformer on sparking taking place. With minute particles of 
carbon remaining in suspension after several days settling, it is quite 
natural that the specific resistance should fall in value, and that the 
viscosity and specific gravity should be increased. The series of six 
special samples of oils submitted to dielectric tests both in their condi- 
tion as received, and also after baking, as already described, were 
carefully examined in the laboratory in order to determine whether 
there was any marked divergence between them. 
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The table on page 194 sets out the changes in the properties of the 
unbaked oils set up through their having undergone a series of 
disruptive tests. The specific resistance has fallen in each case, but 
not in any uniform ratio. In only two cases (H 2 and H 6) has the 
specific gravity been reduced, this sample, No. H 2, being singular as 
having fallen in specific gravity during baking. 

The dielectric test has apparently served to expel moisture from 
the oil. Viscosities are uniformly higher. The flash-point is abnor- 
mally lower for Н 2, only slightly changed for H r, H 3, and H 6, and 
higher for H 4 and H 5. The colour changes are distinct in H 3 from 
light sherry to dark olive, and darker for H4 and H 5. As regards 
their chemical properties, the considerable resinoid matter originally 
present in H 2 disappears, but in H 6 a very dubious trace of resinoid 
matter becomes considerable. Similarly the changes in regard to 
alkalinity are not uniform. For instance, H 1 became distinctly alka- 
line, being previously neutral; H 4 changed from slightly alkaline to 
distinctly alkaline. 

The table on page 195 shows the changes produced in the baked oils 
through their having undergone a series of disruptive tests. 

There is again a distinct fall in specific resistance, while specific 
gravities are higher in four cases and lower in two. In these last- 
named instances the viscosity rose, whereas the increased specific 
gravity was accompanied by a decreased viscosity. Flash-points have 
been irregular, falling in four cases and rising in two. Of the colour 
changes one only is remarkable, namely Н 1, where the oil reverted to 
its colour before baking. As regards the reaction, there are no changes 
in H 1 and H 2, but in H 3 a distinct alkaline reaction gives place to 
one very faintly alkaline, while in H 4 and H 5 slight and very slight 
acid reactions give place respectively to very distinct and distinct 
alkaline indications. In H 6 a neutral reaction changed to one slightly 
alkaline. The changes in the indication of resinoid matter are 
inconsiderable. 


CHANGES IN PHYSICAL AND CHEMICAL PROPERTIES OF OIL IN 
SWITCH TANKS. 


Inasmuch as the results of an investigation of the changes in 
different oils (both baked and unbaked) after dielectric test were 
interesting and suggestive rather than instructive and positive, the 
authors then arranged to study the properties of oils of the classes 
H 1, H 3, and H 5 after their use in extinguishing an arc due to a given 
current broken a definite number of times in an oil break switch. For 
this purpose Messrs. Mather and Platt, Ltd., kindly placed at their 
disposal a 30-B.H.P. 3-phase 440-volt motor. This was loaded up 
until the current per phase was exactly 35 amperes, when the switch 
was tripped and the current broken at six points below the surface of 
the oil two hundred times in succession for each of the three oils. 

VoL. 45. 18 
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The object of the tests was :— 


I. To ascertain the progressive rate of fall of specific resistance 
due to carbonisation. 

2. To ascertain the progressive change in reaction and indications 
of traces of resinoid matter. 

3. To ascertain the relative changes in the important factors of 
viscosity, and flash-point in the respective oils at the end of 
the given number of times of breaking the circuit. 

4. To ascertain the total weight and nature of the carbon pro- 
duced in the three oils at the end of the given number of 
times of breaking the circuit. 


The oils used were delivered by the firms supplying the types H r, 
H 5, and H 5, and were fairly typical of the classes of oil in question. 
The authors have already pointed out the great variation which occurs 
in oils of the same brand forming part of the same consignment. It 
was therefore considered advisable to obtain curves of the dielectric 
strength of these oils, together with their other properties before use. 
Figs. 22 to 24 give their initial dielectric strength, and the following 
table their other initial properties :— 


Specine Resinoid 


Viscosity. | Resistance. Colour. Reaction. 
Megohms. Matter. 


Over Light golden Faintly 
6,500,000 yellow ... alkaline 


Over Faintly 
6,500,000 | | Light sherry | | aıkaline None (?) 


Over Faintly 
é sono Red brown { alkaline | Trace 


None 


After the above tests, curves showing their terminal dielectric 
strength were obtained (see Figs. 22 to 24). Their other properties 
are shown in the following table :— 


: Flash- Specific RAP 
Class | Specific int. | Vi Resist Resinoid 
of Oil. | Gravity. ро: iscosity. e Colour. Reaction. Matter. 
. Light golden |} xr; Very 
H 1 0:856 177 25:5 2,828,000 { yellow... |] Neutral | distinct 
Light sherry 
H 3 0'900 204 947 ооо] Dr tur- Neutral Slight 
idity ... 
и . Over Practically 
H 5 0'872 204 7r3 1 ON Red brown | neutral: | Тгасе 


To a certain extent the above tests are inconclusive in that they do 
not show any very marked changes. On the other hand, they do indi- 
cate what a very efficient piece of apparatus a good oil switch may be, 


=й» 


b 
[: 


n—— 


"EIL 


So 


Digitized by Google 


Fic. 26.—H 3 (125 magnifications). 


Fic. 25.—H I (125 magnifications). 
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and certainly tend to prove that with good oil, and protection from the 
ingress of dust or moisture, such a switch might be tripped a great 
many times before the physical properties of the oil fell below those of 
a number of the inferior oils only too often used. The changes which 
actually occurred include a tendency to a fall in specific resistance, 
with increases in the viscosity figure, and raising of the flash-point. 
These results are quite normal and could have been deduced from the 
investigation of the effect of dielectric tests upon physical properties. 
In one respect only the authors did not find the result they had antici- 
pated. They had hoped to ascertain the relative rates of carbonisation 
of these oils, but no carbon was visible, while the high specific resist- 
ance precluded the presence of anything save indeterminable quan- 
tities of conducting materials. 


THE EFFECT OF PROLONGED ARCING. 


On account of the negative results arising from the investigation 
just described, the authors decided to try the effect of maintaining an 
arc between a copper ball and disc at a definite distance for a set 
time. 

The pressure selected was 10,000 volts, the sparking distance 60 mils, 
and time 180 seconds. So far ascould be calculated the current flowing 
in the high-tension circuit of the transformer was 110 milliamperes. 
Visually there was a pronounced darkening of the oils which received 
this test—namely, H 1, H3, and H 5. Microphotographs of the carbon 
in suspension were prepared, and the results are indicated in Figs. 25 to 
28. In each case the carbon produced is entirely of the amorphous 
variety. One salient difference does exist, namely, that in oil H 1, which 
had the lowest specific gravity of the three, segregation of the carbon 
particles takes place, and their greater size is easily apparent on the 
photographs. Visually, moreover, the authors had noticed that sedi- 
mentation occurs in this oil more rapidly than with oils of higher 
specific gravity. | | 

The amounts of carbon were determined in these three oils with 
the following results :— 


H 1 m. oe ... 0°00533 gramme per тоо с.с. 
H 3 - . /0'02900 " » 
H 5 ess yes eee  0'02050 * " 


EFFECT OF TEMPERATURE UPON SPECIFIC RESISTANCE. 


Unless otherwise mentioned, all specific resistances quoted in this 
paper are at a temperature of approximately 60° F. The authors were 
aware, both from the work of previous investigators and from ex- 
perience of the use of oils in connection with cellulose materials 
for general insulation purposes, that a rise of temperature involved a 
fall in insulation resistance. As has already been shown, prolonged 
heating at 240° F. for twenty-four hours, while serving to expel moisture 
in the case of oils containing moisture, had the effect in the case of dry 


1910. ] SWITCH AND TRANSFORMER OILS. 199 


oils of causing a change in the physical properties, It was therefore 
decided to limit the temperature to which the oil. should be raised, 
as well as the time of application in the case of an investigation of the 
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relation between temperature and specific resistance. Three different: 
oils of types Nos. H r, H3, and H 5 were selected. "The insulation 
of a film 24 mils thick was measured between test-plates having 
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an area of 56°8 sq. in. At 60° F. each oil was found to have a specific 
resistance of 6,000,000 megohms or over. 

ОП of the H1 type had, however, to have its temperature raised to 
214° F. before its specific resistance had fallen to exactly 6,000,000 
megohms, which was the maximum exact value determinable with the 
apparatus in use. The shape of the curve showing the effect of 
increasing temperature given in Fig. 29, shows that a further increment 
of 54° F. served to reduce the specific resistance to 600,000 megohms, 
and further indicates that initial values for specific resistance expressed 
as over 6,000,000 megohms may cover values many hundred times 
in excess of this. After heating the oil was allowed to cool; and 
the left-hand curve shows that even the short application of a tem- 
perature of 280° F. by producing a molecular regrouping of its 
constituents occasioned a lower specific resistance. At roo? F. the 
specific resistance was again exactly 6,000,000 megohms, and the oil 
would be well over this value at 60° F. 

Oil of the type of H 3 on heating to 72° F. had then the maximum 
specific resistance exactly readable of 6,000,000 megohms, and on 
raising the temperature to 152° F. its value fell to 600,000 ohms. An 
increment of a further 100° F. reduced the value to 60,000 megohms. 
A very regular series of observations was made on the cooling curve 
indicating comparatively slight changes in the constitution of the oil, 
the value on cooling at 9o? F. being 2,400,000 megohms or two-thirds 
the value on the heating curve (see Fig. 30). 

Oil of the type H5 gave a most irregular heating curve suggestive 
of the expulsion of moisture. These values being very irregular are 
not reproduced on Fig. 31, but the cooling curve, during which no 
molecular regrouping is likely to occur, is reproduced. It very closely 
resembles the cooling curve of type H 3. Taken on their heating 
curves alone, oil of the type H 1 has between the temperatures of 214° F. 
and 280? F. a negative temperature coefficient of about 1'4 per cent. 
per degree Fahrenheit, while oil of the type H 3 has between the 
temperature of 74° F. and 152° F. a negative temperature coefficient 
of about 1°15 per cent. per degree Fahrenheit, while from 152° F. to 
252° F., the negative temperature coefficient is about o'9 per cent. 
per degree Fahrenheit. 

The general conclusions which can be deduced from this study 
point to the fact that the variation of specific resistance with tem- 
perature depends upon the grade of the oil, coupled with the suggestion 
that specific resistance measurements may be used to ascertain (by 
comparison of a series of heating and cooling curves, with a pro- 
gressive increase in temperature), the point at which this obscure 
point of probable molecular regrouping of the hydro-carbon con- 
stituents takes place. This matter, while only perhaps of academic 
interest in regard to the classes of oils forming the purpose of this 
paper, may prove of value in the selection of oils for use on reciprocat- 
ing engines using superheated steam, | 
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APPENDIX I. 
NoTE ON POTENTIAL GRADIENT. 


The strength of an electrostatic field is defined to be measured by 
the mechanical force, which would be exercised upon a unit electric 
charge placed in the field. 

Ог F = qf, where F is the mechanical force exerted on a charge of 
q units of electricity, placed in an electrostatic field of strength f. 

The difference of potential between two points is defined to be 
measured by the work done in moving unit electric charge, from the 
one position to the other, against the electric forces. Let the points be 
taken near together, so that the strength of field may be considered 
constant over the short distance. Let f be the strength of field, then 
the force acting on unit charge placed in it will be f. The work done 
in moving this charge across the distance à x will be à V zz V, —V., 
where V, and V, are the potentials at the points in question 


respectively. 
Thus— 
/ёх==дУ; 
or— Е 
д 
f = ox , 
or in the limit— 
; dV : | 
f= dz the potential gradient. 


It is assumed, conventionally, that one Faraday tube or line of 
electrostatic force proceeds from each unit of electricity on a charged 
body. Imagine a point charge q in space, and surround it with a 
spherical surface, of radius 7, of which the charge is the central point. 


Let f be the strength of field at the surface of the sphere, then f= L, Or 


r=! The Faraday tubes will be symmetrically disposed about the 


f 


electric charge, and therefore normal to the surface of the sphere. 
Consequently the density of Faraday tubes, where they cut the surface 
of the sphere D 


aes PRINT EUN. NR 
~ surface of sphere” 477 
But— 
q 
J 
therefore— 
muU ا‎ d 
"LP 


From this reasoning it follows that potential gradient is pro- 
portional to the strength of the electrostatic field, or the density 
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of Faraday tubes, measured on an area at right angles to their 
direction. ' 

N.B.—The introduction of the specific inductive capacity of the 
dielectric medium into these considerations does not alter this result. 


APPENDIX II. 


Since submitting the MS. of this paper to the. Council the authors 
have had an opportunity of investigating an interesting case of the 
properties of the oil from a high-tension transformer after. three years’ 
use. The conditions were in every degree adverse. The transformer 
was frequently overloaded ; on three occasions it had gone to earth 


Kilo- volts 


FIG. 32. 


through failure of the fibrous insulation on the coils, it had been worked 
without its cover, and had stood in a corner of a Manchester machine 
shop. Dust and similar foreign matter had then free access to the oil. 
Of the grade of oil used, the works description was that it was mixed, 
and consisted of transformer oil purchased from two firms. "The trade 
names indicated that these were of the classes designed as H 3 and H 5. 
Yet, after sedimentation, the dielectric strength curve of this oil was of 
an entirely normal character, as is indicated in Fig. 32, 
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The other properties were as follow :— 


Viscosity wa, 58 ... 589. 


Flash-point ... iss ais 177° С. 

Specific gravity vis — 0°8683. | 
Specific resistance  ... “ise 193,000 megohms. 
Reaction ses des € Slightly acid. 

Resin ..  ..  ..  .. Small quantity. 
Odour...  ..  .. e Suggestive of ozone. 


` In conclusion, the authors have to express their indebtedness to a 
number of persons for the very valuable assistance which has been 
afforded to them. In the first place, their thanks are due to Mr. F. E. 
Pollard, F.I.C., F.C.S., who prepared the section on the physical and 
chemical examinations of oils for the authors, and who has carried out 
all the tests as to chemical properties mentioned in this paper. They 
are indebted to Messrs. Mather and Platt for permission to conduct 
tests on three different oils at their works; to Messrs. Eckstein Heap 
& Co. for the use of switchgear and apparatus; and to Messrs. 
Spencer, Huskinson, Ward, Turner, and E. Panter for laboratory 
assistance. = | 


DISCUSSION. 


Mr. C. J. BEAVER: As regards the general character of the oils 
taken by the authors as typical of switch and transformer oils, Figs. 2 
to.7 and the table on page 172 give us a general idea of their electrical, 
physical, and chemical characteristics. If we arrange them in order 
of merit so far as the electrical and chemical properties are concerned, 
and in order of magnitude so far as the physical figures are concerned, 
we see that there is some rough relation between specific resistances 
and breakdown voltage, and between breakdown voltage and alkalinity 
or acidity, though not between breakdown voltage and resinoid con- 
tents; also that there is no relation between physical and electrical 
properties, Н, and Н, being the best of the series and almost equally 
good electrically, but quite different physically. While one expects 
some relation between specific resistance and dielectric strength, and 
also between dielectric strength and purity, I do not think that the 
impurities indicated in the table account for the wide differences 
between the various oils in specific resistance and dielectric strength. 
My own experience is that alkaline, acid, and resinoid substances аге 
not the most usual kinds of impurity met with in mineral oils, but that 
moisture is by far the most predominant source of variations in elec- 
trical properties. It is practically impossible to dry an oil perfectly 
by the application of heat, and the elimination of the last traces of 
moisture from an oil. will make far more difference to its electrical 
properties than will the removal of the alkaline, acid, or resinous sub- 
stances such as are referred to in the table. In connection with this 
question of moisture, I think its elimination to the utmost practical 


Mr. Beaver. 


Mr. Beaver. 
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extent should not be one for the oil refiner or producer, but rather for 
the transformer and switch maker. There are such wide possibilities 
for the taking up of moisture in handling, packing, and transit that the 
variations in a single consignment of oil—referred to by the authors— 
are not surprising. Physical and chemical properties, which fix the 
general character of the oil, can be so easily adhered to by the oil 
manufacturer, and the elimination of moisture can be so easily ensured 
to a practically efficient extent, for instance, by filtration through beds 
of calcium chloride, that it seems to me reasonable to think that the oil 
user is in a better position to take care of its electrical properties than 
is the refiner. I am not suggesting that this question of moisture has 
been overlooked by the authors, but it hardly appears to have been 
given the prominence which, in my opinion and experience, it deserves. 
In view of the rare occurrence of alkalinity or acidity in mineral oils 
it would be interesting to know whether the authors have any theory 
as to the changes which they observed in studying the effect of dis- 
ruptive tests on the chemical and physical properties of oils, where 
they found not only changes in degree of alkalinity after baking and 
testing, but also changes from slight acidity to marked alkalinity. The 
authors' experiments on the relation between dielectric strength and 
temperature are most interesting. The general trend of the curves 
for solid insulating materials is rather in the opposite direction to those 
shown for the various oils in Figs. 15 to 20. I am inclined to think 
that this striking difference between solid and liquid insulating mate- 
rials is due to the much better dissipation of heat in the path of the 
stress in oils. The viscosity figures for these oils lend support to this 
view, and parallel cases will be familiar to those experienced in the 
testing of insulating materials. For the reasons I have just stated 
I cannot agree with the authors—and I think Mr. Peck will support 
me in this—that makers of oil-cooled transformers are wrong or mis- 
guided in applying lower test pressures to transformers when they are 
heated up at the end of a test run than after they have been allowed 
to cool. The dielectric which the transformer maker is testing is not 
the oil, but various solid or laminated dielectric materials, which have, 
to some extent at least, reverse electrical characteristics to those of oils 
at high temperatures. The relation of viscosity to temperature is a 
portion of the authors’ subject on which a great deal of work has 
already been done, although almost entirely in connection with 
lubrication. The relation between fall of viscosity with temperature 
and electrical properties should prove exceedingly interesting, for the 
reason that, as I have demonstrated elsewhere, the general order of 
percentage decrease of viscosity with increase of temperature bears 
some relation to the surface tension of the oil, and the surface tension 
of the oil may be quite different in cases where oils of different origin 
give identical results under physical tests at the usual testing tempera- 
tures. In the detection of moisture, although the exsiccated cupric 
sulphate is very sensitive to the action of water, oil may be chemically 
dried, and improved electrically by such drying, beyond the point 
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when this test ceases to be sensitive. Without doubt the most delicate 
indication is the stream of hydrogen bubbles given off from a small 
piece of metallic sodium immersed in the oil, and as the nitro-prusside 
test for the detection of sulphur mentioned by the authors entails the 
use of metallic sodium there would appear to be little use for the 
dehydrated cupric sulphate. With regard to indicators, I find no 
necessity for testing the aqueous extract while hot, and do not per- 
sonally prefer tincture of cochineal to the more usual phenol-phthalein 
and methyl-orange. I have always found phenol-phthalein reliable, 
and do not understand the statement that it is not affected by the 
soaps of alkaline metals. I have some doubt as to the identity of the 
resinous bodies to which the authors frequently refer in connection 
with their type samples, and should like to know whether they have 
been isolated as such, or identified by such a test as the Liebermann- 
Storch test. 

Мг. J. S. Peck : From a practical point of view there are three 
necessary qualities in oil used for transformers: (a) high fire test ; 
(b) high dielectric strength ; (c) freedom from deposit under working 
conditions. The authors have dealt with (a) and (b) but have not 
touched upon the question of deposit at all, and I hope they will 
extend their investigations to cover this question, for while there are 
a number of oils on the market which are quite satisfactory as regards 
fire test and dielectric strength, it is very difficult to obtain oil which 
does not throw down a deposit when worked at a comparatively high 
temperature. High dielectric strength is largely a matter of purity, 
while the method of obtaining a high flash-point is well understood, 
but regarding the question of deposit, very little appears to be known 
beyond the fact that some oils exhibit it to a marked degree, while 
others are practically free from it. It may be said to be the most 
important question now before the manufacturers and users of oils for 
insulating purposes. There is no use in purchasing expensive oil of 
great purity, unless precautions are taken to keep the oil in this condi- 
tion during shipment. Oil will absorb a certain amount of moisture 
if exposed to a damp atmosphere, and when shipped in wooden 
barrels there is always a risk that if it is stored out of doors water may 
work in through the heads of the barrels. On this account the use of 
wooden barrels for shipping and storing oil has been largely done away 
with. The authors have devoted considerable space to the question 
of the specific resistance of oil, but I do not think the question of 
specific resistance is one of any practical importance, unless it forms 
some indication of the dielectric strength of the oil, and from the 
results obtained this is apparently not the case. It is a very interesting 
fact that the dielectric strength of oil appears to increase very rapidly 
with the temperature, whilst the specific resistance decreases at an 
even greater rate. It would be interesting to know what would happen 
if the curves on page 199 were repeated severaltimes. I agree with the 
remarks of Mr. Beaver, and therefore disagree with the authors, in 
regard to their statement that a transformer should not be tested with 
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a higher voltage when cold than when hot, because the oil has little to 
do with the insulation strength, except as preventing surface discharges. 
Breakdowns usually occur through the solid dielectric, and there is no 
doubt that this is weaker when hot than when cold. I presume that 
the arcing effects were all obtained by breaking alternating current 
below the surface of the oil. It would be interesting to compare the 
effect of the alternating-current arcs with direct-current arcs, as experi- 
ence indicates that the carbonising effect is very much ae with 
direct current than with alternating. | 
Mr. J. E. SOUTHCOMBE : Speaking as a chemist, with some experience 

of oil investigation, I cannot quite agree with some of the points raised 
by the authors as to the purity of the samples. In the first place, an 
examination of many samples of transformer and switch oils has not 
revealed the universal presence of alkali which the authors appear to 
have observed. It is, in fact, an extremely rare thing nowadays to find 
alkali in oil of this type, and I can only say that if an oil submitted to 
me for adjudication contained any traces of this substance I would 
reject it at once as totally unworthy of any further consideration. The 
authors have apparently had somewhat abnormal samples under con- 
sideration. With regard to the question of moisture, the authors state 
that they have found oils containing as much as 0°57 per cent. of 
moisture, but it would appear that they had estimated this by drying 
at 100° C. and noting the loss. This would not be a reliable method, 
since the losses from volatilisation of the oil would always be an 
unknown quantity, and would totally vitiate the figures. There appears 
to be some haziness as to the amount of moisture contained in oils. 
I have conducted a long series of experiments on this matter from 
several points of view. Oil and water are immiscible, and if an oil | 
contains water at all, it is present in fine globules distributed through- 
out the mass. Now if the globules were big, the water would quickly 
settle out of the oil, while if they were very fine indeed they might be 
retained for long periods, since the mixture would partake of the pro- 
perties of an emulsion. Now if the globules be very minute, there 
would have to be an immense number of them present to have any- 
thing like 4 per cent. of water in the oil; consequently the water 
surfaces would be great, causing considerable thickening, and the oil 
would be yery turbid. It is inconceivable that any self-respecting 
oil manufacturer would submit such an emulsion for transformers, but 
the burning question is the influence of very minute trgces of moisture 
on insulating properties. An oil may be quite bright and yet contain 
absorbed moisture, but such moisture is present only to the extent of 
o'1 per cent. or less. The quantitative estimation of such minute traces 
chemically is almost impossible, but the dielectric strength is a very 
delicate test. In my opinion variations in dielectric strength can be 
correlated very largely with these exceedingly minute traces of moisture, 
which have a far greater influence on the electrical properties than 
any so-called chemical impurity in well-refined oil of standard quality. 
There is very little evidence to show that disruptive discharge proceeds 
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more readily in the-presence of resins, etc. In fact, resin oils (contain- Mr 


ing almost wholly resins) are admirable insulators. A study of the 
figures given in the authors' paper shows that what they called resin-oil 
content does not explain the variations in dielectric strength. I- would 
like to emphasise again that in my opinion it is not chemical impurities 
(in the majority of cases) but exceedingly minute traces of moisture, 
that are the cause of many discrepancies in dielectric strength. 

: The problem how to get rid of this moisture resolves itself 
very much into a commercial question. Is it to be done by the 
oil manufacturer or by the transformer builder? No doubt the 
oil manufacturer can supply a -perfectly anhydrous fluid, but not 
if the electrician asks for an oil at a price which his better sense 
must tell him will make it impossible to devote much attention 
to these minute but important details. Considerable success has 
attended drying the oil by electrical resistances immersed in the oil, 
but it would appear to me a better investment to pay the experienced 
oil- manufacturer his price and demand from him an anhydrous 
oil. Although the question of chemical impurities does not appear 
so important as moisture in lowering the dielectric strength, yet it 
is absolutely imperative that an oil should be of the highest possible 
purity, since the influence of acid, and even more that of alkali, on 
the windings is disastrous, while at the same time any tendency for 
the oil to resinify or oxidise on heating will materially affect-its heat 
disseminating powers. In addition to the points mentioned,. no 
specification would be complete which did not demand tests as to 
the durability of the oil on successive heating and cooling. On the 
electrical tests I cannot speak with authority, but some experiments 
made by Mr. Lustgarten at the Manchester School of Technology. 
and the conclusions of Russell do not confirm the authors' results 
at such short distances. Further, the carbon produced by the passage 
of the arc requires some considerable time to settle, and a sufficient 
interval must elapse before making a second puncture. The carbon 
produced is disseminated throughout the oil іп а kind of semi-colloidal 
suspension of charged particles, which settle at varying rates in 
different oils. I am at present investigating this phenomenon and 
have obtained some most interesting results, which have their practical 
application in the design of oil switches. - 

Mr. J. LUSTGARTEN : I must congratulate the authors on having 
placed: оп record the physical and chemical properties of this im- 
portant insulating material before and after heating and disruption. 
Of the properties mentioned on page 167 as requisites in a mineral oil, 
one might add that evaporation must be small, and that no trace of 
sediment after repeated heating and cooling should occur. The 
authors mentioned that resinoid matters contaminate oil when stored 
in wooden barrels. I would like to ask the authors if the wooden 
barrels which are sent into this country from America are made of 
oak, because if so I hardly see that resinoid matters would be likely 
to get into the: oils with such construction of the barrels; As the 
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authors recommend standardised methods of testing, though (on 
page 166) they deprecate criticism of methods of taking the dielectric 
test, it must be stated that the sparking voltage depends on many 
factors which the authors have not mentioned. These factors 
are: (a) The width of the glass vessel in relation to the spark 
distance and the size of the electrodes ; (b) the position (depth) of 
the spark-gap in the oil; (c) the amplitude factor of the machine 
used; (d) the rate of growth of the testing pressure; (e) whether 
the electrodes are insulated or grounded; (f) the shape of the 
electrodes. The amplitude factor is important, because if the machine 
has a peaky wave the oil will break down very much earlier. Earth- 
ing one electrode alters the maximum potential gradient on the 
insulated electrode. With regard to (4) a modification of the method 
is to move the electrodes keeping the testing pressure constant. With 
regard to the shape of electrodes, I cannot see why the authors get 
the voltage distance curve for $ in. diameter spheres to lie below that 
of needle-points, for we know that in the air the voltage distance 
curve lies above that of needle-points. In my own results on oils, 
the larger sized spheres give curves lying above the smaller size, and 
obviously the needle-point is a very small sphere, and for a given 
sparking distance and voltage the potential gradient is steeper with 
needle-points. I have experimented with 4 in., 1 in., and 1 in. spheres, 
and have found best results obtained with larger spheres than with 
the smaller ones, but the distances must be greater than Ф in. With 
regard to the curves for spheres, these bend over as in the needle- 
point curve. Dr. Russell in a very excellent paper given some years 
ago suggested that the best way of expressing the dielectric strength 
of an insulating material is by the maximum potential gradient at 
breakdown. This for parallel plates, electrodes immersed in the 


dielectric, would be 5, but for spheres =. f, where v = maximum 


voltage, x = spark-gap distance, f a factor depending on x and the 
diameter of the sphere. (Here we see the influence of the amplitude 
factor on v and hence on the potential gradient) The dielectric 
strength of the best oils is about 160 kilovolts per centimetre, 
medium oils about тоо. The potential gradient for the oil in the curve 
on page 177 is rather low—80 kilovolts per centimetre. The authors 
remark that the dielectric strength improves with flashing over, and 
is due to traces of moisture and impurities being burned out. This 
was particularly apparent in an oil submitted to me to test. The 
breakdown voltage went up from 42 to 8o kilovolts (R.M.S.) in 
twenty days with a test taken once every twenty-four hours, but after 
repeated breakdowns the strength diminished—80, 71:2, and 63:6 
kilovolts being readings taken on three consecutive days. I must 
mention that in testing oil sufficient time should be given to allow air 
bubbles to rise, and finely divided floating or colloidal matter to settle, 
as they will seriously affect the results, especially at the small sparking 
distances. In a particular case the breakdown voltage a few minutes 
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after pouring in was то kilovolts, half an hour afterwards 17 kilovolts, M 


and twenty-four hours later 48 kilovolts. (In the latter test traces of 
moisture must also have been removed.) The authors find (page 186) 
that the dielectric strength of the oil increases with temperature. 
This result seems the reverse of what we might expect. In solids 
it is the reverse. Did the authors find this to hold after repeated 
heating and cooling of one specimen in order to eliminate traces of 
moisture and impurities? For drying oils, I have found that hot air 
and sodium answer very well. In one case a transformer oil treated 
with sodium increased in strength from тоў to 122 kilovolts per 
centimetre. 

Mr. D. B. MELLIs (in reply): Replying to Mr. Beaver, the purpose 
of recording, besides the observed physical behaviour of the oils 
examined, the result of their chemical examination, was not to infer that 
the physical properties found were due to chemical impurities. Had 
no chemical examination of the oils been made, it would always have 
been open to any one to say that variations in the behaviour of the oils 
under discussion were due to variations in their degree of purity. The 
slight variations in the reaction of oils observed, after testing for 
dielectric strength, may be due to several causes. For instance, 
electrolytic action may change some of the impurities from acid to 
alkali or vice versá. Or again, owing to the high voltages used, the air 
surrounding the testing vessel and in contact with the oil becomes 
ozonised, and nitrous oxide is also formed. "These substances may 
easily affect the reaction of so nearly neutral a liquid as the oil usually 
is. Mr. Beaver appears to think that it is asking too much of the oil 
people to expect them to supply oil ир to a standard of specific 
resistance, but in our opinion the specific resistance test is really a very 
delicate test for the chemical purity of the oil in question. In fact, no 
oil having a relatively large amount of water, or other harmful im- 
purity, will have a high resistance. This is borne out by the set of oils 
tested, viz., Н І to H6. The two oils with the highest resistance were 
the ones of greatest purity, and gave the most consistent results in all 
the other tests. Notice how closely the heating and cooling curves 
for these oils agree when tested for dielectric strength at different 
temperatures. As regards the reasonableness of expecting the oil re- 
finers to work to a standard of specific resistance, we would point out 
that the standard of chemical purity exacted from copper refiners 
is specified by the specific resistance of the copper which must be 
obtained. If the copper suppliers can work to such a specification we 


cannot see anything unreasonable in asking the oil suppliers to work to 


a similar one. Mr. Beaver remarks that we do not attach sufficient 
importance to the presence or absence of water. This is unintentional. 
The question of drying oil is of great importance, whether undertaken 
by the oil refiner or by the user. It is of the utmost importance for 


the refiner to supply absolutely dry oil, but it is of no use for him to do ` 


so unless the necessary care is taken to keep it dry. When the user 
has to dry his own oil we should: suggest warming it up in a vacuum 
VoL. 45, 14 
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oven to a moderature temperature. Too high a temperature must not 
be employed or the nature of the oil may be changed, as is proved by 
the temperature resistance curves (Figs. 29 and 31). If possible, when 
the oil is in the vacuum oven, dry air should be allowed to bubble 
through it, so as to stir it up and help the evaporation ; and we would 
remark by “dry air" we do not simply mean “ hot air," but air which 
has been freed from water by passing it over calcium chloride, or, 
better still, phosphorus pentoxide. 

- The method suggested by Mr. Southcombe of stirring the oil with a 
cage containing metallic sodium would appear to have the disadvan- 
tage that caustic soda would tend to replace the previous water, and 
would afterwards attract to itself much more water, unless the vessel 
were hermetically sealed after treatment of the oil. 

Mr. Beaver remarks that the other physical properties, such as 
viscosity and flash-point, do not appear to have any relation to the 
electrical properties of an oil, and in this connection we should like to 
remark that a sample of ordinary illuminating paraffin oil bought at a 
very cheap rate gave a curve of dielectric strength at least twice as 
good as the best transformer oil, and, needless to say, both its viscosity 
and flash point were very low, far lower than those of any transformer 
oil. It is also interesting to note that the dielectric strength of any 
transformer oil increases with rise in temperature (see Figs. 15 to 20), 
while its viscosity falls (see Fig. 21). This relation between viscosity 
and dielectric strength may be accidental, both being due to some 
molecular condition, of which we have no knowledge. We have 
referred the chemical points to Mr. F. E. Pollard ; and, having 
considered his reply, we quite agree with Mr. Beaver that varia- 
tions in electrical properties may be caused to a great extent by 
very small proportions of moisture; but the question of alkalinity 
is of importance because a very slight trace of alkali tends to 
cause absorption of moisture. We are not in favour of filtration 
through calcium chloride for drying oils, but prefer Mr. Peck's 
vacuum oven process. Another good method of eliminating moisture 
is by blowing hot dry air through the oil. We have not, however, had 
an opportunity of carrying out this process on the commercial scale. 
We find that the exsiccated cupric sulphate test is sufficiently sensitive, 
when suitably applied, by packing about 1 cm. of the stem of a funnel 
with small fragments of pumice, charged with the anhydrous sulphate, 
thoroughly drying, and then allowing a sufficient quantity of oil to 
percolate slowly through the pumice. At the same time we endorse 
Mr. Beaver's remarks as to the sodium test. With regard to indicators, 
we do not advise the testing of the aqueous extract whilst hot ; but 
cochineal has the advantage that it can be used for hot liquids, whilst 
methyl-orange cannot ; and moreover the colour change of methyl- 
orange, with traces of alkali, is not easily observed, unless the indicator 
be first made feebly acid and then carefully neutralised. It seems to 
be generally taken for granted that the alkali in oil invariably exists as 
hydroxide. This is very far from being the case, and consequently 
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when phenol-phthalein is used as an indicator considerable traces of 
alkali escape detection. Mr. Beaver says that he does not understand 
the statement that phenol-phthalein is not affected by the soaps 
of the alkali metals. The neutrality of phenol-phthalein to soaps 
permits its use, in soap analyses, for the estimation of free caustic 
alkali, whilst the subsequent volume of acid required to give neutrality, 


in the same solution, with methyl-orange is a measure of the alkali 


combined with fatty acids, ctc., but not of carbonates, silicates, 
borates, etc., which are insoluble in alcohol. However, soaps of the 
alkali metals are very seldom found in mineral oils of the type under 
consideration, although aluminum soap is by no means infrequently 
met with. The exact nature of the * resinoid ” matter was not deter- 
mined. In most cases it appeared to be tolerably pure resin; but in 
several instances examination revealed admixture of other substances, 
hence the employment of the term “resinoid matter” instead of 
“resin.” 

With regard to Mr. Southcombe’s statement that it was an ex- 
tremely rare thing nowadays to find alkali in oil of this type, out of 
considerably more than 100 samples examined during the last eighteen 
months or so, at least 80 per cent. have been found to contain alkali, 
sometimes in slight, sometimes in very distinct traces ; but had phenol- 
phthalein been used as an indicator, no doubt practically the whole of 
these would have been returned as neutral. Comparative tests have 
demonstrated that cochineal and methyl-orange are more than ten 
times as sensitive to alkaline carbonate as phenol-phthalein. Whereas 
the addition of 0°03 c.c. of a solution of sodium carbonate containing 
one part in 1,000 to about то c.c. of water containing the indicator 
gave a sharp and distinct reaction with both cochineal and methyl- 
orange, no less than 0'4 c.c. of the same alkaline solution added to the 
same volume of water containing phenol-phthalein was required to 
give a colouration. From this it is apparent that the aqueous extract 
from an oil might contain a weighable quantity of alkali and yet be 
quite neutral to phenol-phthalein. Mr. Southcombe criticises at some 
length the methods employed by us in making chemical examination of 
oils. Some of the points raised by him are dealt with above. With 
regard to his remark that he has very seldom found oils to have an 
alkaline reaction, but has generally found them to be acid, in our 
experience this is not borne out. We may say that all the samples 
were obtained from well-known makers of transformer oil, who all 
supply large quantities of such oil. They cannot therefore be con- 
sidered to be abnormal samples, as Mr. Southcombe suggests. Of all 
the oils discussed in this paper only one showed an acid reaction, viz. 
H 5, all the others being neutral or alkaline in spite of any treatment 
they had undergone, with the single exception of H 4, which showed an 
acid reaction after baking, but at no other time. In reply to the 
objection that the loss of 100? C. would not give any measure of the 
moisture, a reference to the section on chemical examination, page 183, 
will make it clear that the authors had no intention of suggesting that 
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it would do more than give the amount of moisture, plus oils of low 
boiling-point. The omission of “etc.” after the word moisture on 
page 167 is to be regretted. With reference to Mr. Southcombe's criti- 
cism of our method of making tests for dielectric strength, in which 
he quotes Russell as saying that such determinations are not reliable 
when tests are made over short distances, and that consequently high 
voltages must be employed, we would point out that when Russell 
made this statement he was discussing the experiments of Hobbs, who 
tested over microscopic distances down to 3 x 1077 cm., and he goes 
on to say that it is not safe to calculate dielectric strengths from the 
observed disruptive voltages, when the electrodes are less than 1 mm. 
apart, and suggests that, for accurate work, at least 4 cm. should 
be tested over. Now, as the distances we tested over range from 
about 4 mm. up to over I cm., we do not suppose that Russell 
would take exception to the lowness of the voltages we used. We may 
also say that our results are in accordance with Russell's statement, 
in that we generally obtained more consistent readings with the 
higher voltages than with the lower ones. Mr.Southcombe's tests were 
apparently mostly made using balls а# the electrodes, and in his case 
air bubbles would be more likely to give trouble than in our case, 
where the upper electrode was always a needle, giving little oppor- 
tunity for air bubbles to cling to it, and so produce erratic results. 
Mr. Peck emphasises the necessity of oil for switch and transformer 
work having a high dielectric strength, and also freedom from deposit, 
and discusses what this latter is due to. One usual explanation offered 
is that varnish, supposed to be oil resisting and used in transformer 
insulation, is not actually so, and that it disolves out, or partially dissolves 
out, forming a more or less gelatinous solution, which by electrostatic 
attraction clings to the windings, and impedes the free circulation of the 
oil. This, however, does not appear to cover every case observed, and 
we are forced to suppose that the thickening, in some cases at least, is 
due to polymerisation of some of the hydrocarbons of which the oil 
consists, or even to chemical change, brought about by repeated heatings 
and coolings. This is a question for chemists rather than electrical 
engineers. Inthis connection it is interesting to remark that there is 
at least one insulating varnish on the market whose makers claim that 
its hardening, or conversion from the liquid to the solid state, is due 
to polymerisation brought about by the baking process, and it may 
very well be that a similar action takes place in oils. We fully agree 
with Mr. Peck in his remarks about carelessness in handling oil sent 
out in casks, so that it becomes contaminated with water, and consider 
that for electrical work nothing but hermetically sealed metal drums 
should be permitted for containing the oil. While agreeing with Mr. 
Peck that high dielectric strength is a most important feature, we still 
think that a high resistance is of some value, as the latter is only 
obtained with very pure oils, and may be taken as a measure of their 
chemical purity. The specific resistance temperature curves, Figs. 
29 to 30, were taken by using a fresh sample of the oil in question as 
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supplied by the makers, and testing for specific resistance with first a 
rising temperature and then a falling one. It would be interesting to 
take the oil through a repeated cycle of temperatures, noticing its 
specific resistance changes all the time. With regard to the suggestion 
thrown out in the paper that it might be safer to test transformers with 
a higher voltage when hot than when cold, on account of the increase 
of dielectric strength of oil with rise in temperature, Mr. Peck dis- 
agrees on the ground that oil is not the principal insulating medium, 
but merely the cooler. This criticism, of course, would not hold good 
in the case of a transformer so designed that the oil was the principal 
insulator. Referring to the much greater relative amount of carboni- 
sation which takes place in the oil tanks of direct-current controllers 
or switches than in the tanks of those controlling alternating current, 
we would point out that the fact of the alternating current passing 
through zero twice per cycle gives the oil a very much better oppor- 
tunity of extinguishing the arc in the latter than in the former case, 
and also that, from the very nature of alternating currents, no great 
self-induction can be produced in the circuit, otherwise the electro- 
motive force would not be able to propel the current through it, so 
that in the case of alternating current no “ highly inductive arcs " have 
to be quenched, which is often the case with direct current. 


Replying to Mr. Lustgarten, we understand that when American oil | 


is shipped in barrels they are usually made of oak, but in the case of 
Russian oil steel drums are generally used. 

The glass containing vessel of the apparatus illustrated in Fig. 8 is 
about 2 in. in diameter, and as the electrodes are placed axially it is 
obvious that the distortion of the electrostatic field due to the high 
specific inductive capacity of the neighbouring glass would have no 
effect on the field between the two electrodes, which were never sepa- 
rated by more than o'4 in. The curve of voltage of the alternator used 
did not differ very much from a true sine curve, but was distinctly 
flatter at the top. The amplitude factor has not been calculated, but it 
cannot be far removed from that for a sine curve. The value in kilo- 
volts given on the curves of dielectric strength is expressed in virtual 
volts (R. M.S. value), so that the maximum volts applied would be about 
I'4 times the values given. We would also add that not only the maxi- 
mum voltage applied decides the limiting sparking distance, but also the 
length of time during which the voltage is applied. There appears to 
be a time lag, so that a given gap will stand for a very short time a 
voltage which would ultimately break it down were it applied con- 
tinuously. From this we should conclude that with a higher frequency 
higher dielectric strength would be obtained than by using a lower 
frequency. This deduction is borne out by the figures given on 
page 178, which show the breakdown voltage over a fixed gap at two 
frequencies. Neither of the electrodes was earthed, but as everything 
. was very well insulated, and the voltages used were never higher than 
about 25,000, we do not suppose that earthing would have made much 
difference. Referring to the curves given in Fig. rr, Mr. Lustgarten 
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does not understand why the curve obtained when testing between 
balls at any point comes below the curves obtained in testing between 
points, and states that in his experiments in air this is not the case. 
We would put forward two suggestions in this connection. When 
breakdown occurs in air or other gas, the physical process consists of 
the manufacture of ions by the strong electrostatic field to such an 
extent that finally the conductivity of the air is so increased that a 
violent discharge takes place through it. The mobility of the gaseous 
ions will undoubtedly assist this action. In a liquid, however, the ions 
will be, relatively speaking, stationary. Consequently it would not be 
safe to argue as to the phenomena of breakdown in one medium from 
experimental results obtained in the other medium. Further, J. J. 
'Thomson shows that when ions are present the electrostatic field is 
distorted, and cannot be calculated from the geometry of the electrodes 
only. It is obvious, therefore, that if in the one case the ions can freely 
move about, and in the other they are relatively stationary, the distribu- 
tion of the electrostatic field will be different in the two cases, and we 
may expect the phenomena of breakdown to differ. The other sug- 
gestion we would put forward is that, when testing with one or both 
the electrodes pointed, only a very small volume of the oil is subjected 
to intense dielectric stress, whereas when testing between balls a very 
much greater volume of oil will be stressed. Owing to the fact that 
the oil is probably far from homogeneous, there will be a much greater 
likelihood of a weak part being stressed and broken down in the latter 
than in the former case. In a similar way it would not be safe to 
estimate the dielectric strength of a mile of cable as equal to the value 
experimentally found for a yard length, as there would be 1,760 chances 
to 1 of a weak point being included. Mr. Lustgarten has not 
experienced erratic readings when testing between spheres, but we 
have. It was on account of obtaining very much better sets of read- 
ings with needles that we finally adopted them. The curves on Fig. гї 
exhibit these statements very well. The lower full-line curve, obtained 
when testing between a point and disc, passes through nearly all the 
experimental readings, which are indicated by circles, whereas the 
points obtained when testing between balls, indicated by small squares, 
do not follow any exact law. The only advantage that we can see in’ 
testing between balls is that the absolute value of the physical constant 
* dielectric strength" can be more readily calculated than when two 
points or a point and disc are used, and as in our hands the latter gives 
the more regular results, it is the more suitable for determining the 
relative dielectric strengths of oils, all of which are subjected in turn 
to identical conditions. Mr. Lustgarten also says that had we tested 
with higher voltages between spheres we should have found that the 
curve connecting sparking voltage and distance between electrodes 
was not linear, but bends over. We would point out that we do not 
state that this curve is linear, the words used in the paper being, 

“From this we should expect that the curve connecting puncturing © 
voltage and distance will be nearly a straight line when testing 
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between balls whose diameter is considerable as compared with the 
distance tested over." Further, the reasoning which led to this result, 
if extended to distances great as compared with the diameter of the 
balls used, would lead one to expect that the curve would bend over in 
asimilar manner to the curve obtained when testing between a point 
and disc. Mr. Lustgarten remarks that the sample of oil experimented 
with in Fig. 11 is not very good, and that much higher figures can be 
obtained. This we do not doubt. The sample in question is an ordi- 
nary commercial sample, not treated specially in any way, but fairly 
representative of what will be obtained in the market. Of the oils 
designated by the letters H 1 to H 7 all were ordinary commercial 
samples, none being appreciably better nor worse in their purity than 
those supplied in bulk to large purchasers. At the commencement of 
our paper we referred to the splendid curve of high dielectric strength, 
widely circulated, but rarely attained in practice. We therefore urge 
that in dealing with commercial oils actually supplied our researches 
have tended towards practical utility, which must be the chief 
consideration. of. the purchaser. 


Mr. Mellis. 
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RATING AND TESTING OF MOTORS FOR 
INTERMITTENT WORKING. 


By Dr. ROBERT POHL, Associate Member. 


(Paper received from the YORKSHIRE LOCAL SECTION, February 3, and read 
at Sheffield on March 16, 1910.) 


Introduction.—According to the usual classification we may dis- 
tinguish between three groups of electric motors, those for continuous 
working, for short-period working, and for intermittent working. 

The distinction between the two latter classes is as follows :— 

A machine for short-period working is supposed to have a running 
time not sufficient for the final temperature to be approached, suc- 
ceeded by a standing time long enough to allow of its cooling down 
again practically to the temperature of the atmosphere. A motor for 
intermittent working, however, is subjected to alternate periods of 
work and rest, both of short duration, so that its temperature rises 
to a practically constant value. 

This paper is devoted exclusively to the last of the above classes, 
comprising a large number of machines for different purposes, such as 
crane, hoist, lift, and traction work. It deals more particularly with 
suitable methods of testing and rating the same. This subject is an 
important one, considering the very unsatisfactory character of the 
testing practice at present prevailing, and in view of the need for 
definite and generally accepted regulations on the rating and testing 
of electrical machines, 

The guiding principle in the testing of any finished machine is that 
the test conditions imposed on it should represent, as accurately as 
possible, its future working conditions. There are cases, however, 
in which it is exceedingly difficult or altogether impossible to repro- 
duce these conditions on the test-bed of the manufacturer. A 
compromise becomes unavoidable, consisting in the adoption of 
such tests as can be imposed without excessive difficulty, and which 
allow of sufficient conclusions being drawn from them as to the normal 
behaviour of the machine. 

The motors forming the subject of this paper are, perhaps, the most 
conspicuous examples within the realm of electrical engineering. As 
it is impossible to reproduce the working conditions, they are, by 
almost universal practice, subjected to a short time run for the purpose 
of ascertaining their temperature rise. The duration of the test is 
usually half an hour, except in the case of traction and haulage 
motors, which are tested for one hour or a longer period. 
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Whenever a test conventionally imposed is different in character 
from the real working conditions there is, however, a twofold 
danger. 

Firstly, the purchaser may not be aware of the relationship between 
the conventional test and the particular working conditions for which 
the machine is required. In consequence he may obtain a motor 
either too large and expensive, or of insufficient capacity. 

Secondly, the manufacturer may favour designs and constructions 
which improve the performance during the specified test, though not 
necessarily under working conditions, at the disadvantage of such real 
improvements which the traditional tests would not reveal. 

The aim of this paper is, first of all, a negative one—viz., to prove 
that the prevailing practice of testing intermittently working motors is 
open to serious objections from both these points of view. Оп this 
account the proposal will be made to abandon short time tests com- 
pletely. It will then be suggested to adopt in their place methods 
of testing machines for intermittent working, which will be shown 
to be more suitable. 

To prove the misleading character of results obtained on short time 
tests we have to consider the relation of the temperature rise after a short 
time run on full load to that obtained when running intermittently with 
a definite load factor. E. Oelschláger,* R. Goldschmidt,] C. W. НШ,} 
and others have fully dealt with this subject, but it will be well for us 
to go briefly over the same ground again in a somewhat different 
manner. 

Load Factor.—It is assumed throughout this paper that the duty of 
the motor is known beforehand, or where this is not the case, that 
a definite cycle of operations can be adopted with which the motor 
should be capable of dealing. According to the usual definition, the 
load factor f is given by the expression— 


К 
f-rlF ду ЖЕСЕ Яг в жд) 


where /' = time of running, t” = time of rest, Ё + t = duration of total 
period. This simple definition is based on the assumption that the 
motor when running is always exerting exactly its full power (see 
curve А of Fig т), which leads to the important relation— 


mean loss under working conditions _ Wm . . (2) 
= loss at full load W 

The above assumption is inadmissible, because in practice the load 
curve is invariably of a much more complex shape, such, for example, 


* Elektrotechnische Zeitschrift, vol. 21, p. 1058, 1900. 
t Fournal of the Institution 9 Electrical Eng vol. 34, p. 660, 1905. 
1 Ibid., vol. 36, р. 290, 1906. 
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as curve B, Fig. т. We must free ourselves from it by adopting a more 
general definition of the load factor f, applicable to any shape of the 
load curve. In doing so, let us keep in mind that it is desirable to 
maintain the important connection between f and the mean loss as 
stated in (2). With this end in view, and considering that the losses 
are practically proportional to the square of the load, we define— 


. (virtual current)? 
осие (full-load current)? кзз жы) 
The virtual or effective current is the R.M.S. value of the load curve 
in amperes. It may be calculated from a diagram of operations and 
subsequently verified by means of a registering ammeter. The dis- 
tinction between the external and the internal load factor as introduced 
by C. W. Hill* is thus avoided. In determining the load factor, due 
account should be taken of the heavy starting currents which are often 


Curve A: Load factor %; eee ‚25 
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met with in practice, and which, as Claude Hill has shown, may have a 
great bearing on the temperaturerise. In connection with shunt-wound 
crane motors, it will, of course, be kept in mind that the duty of the 
field coils may in certain cases be higher than that of the armature. 

Temperature Rise under Working Condilions.—A motor working with a 
definite load factor will have a temperature curve as shown in Fig. 2, 
consisting of parts from the heating and cooling curves. We have to 
distinguish between r, R, 7; and R; the momentary and final values of 
the heating curves for continuous and intermittent running respectively. 
К, is the final mean value as indicated in Fig. 2, which is somewhat 
smaller than the final peak value R; „ах. In nearly all practical cases, 
. however, the difference is negligible on account of the short duration of 
the running period, and we are justified in confining ourselves to the 
consideration of R, 


* Sournal of the Institution of Electrical Engineers, vol. 36, p. 304, 1906. 
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A continuously running motor has reached its final temperature 
when the rate of heat dissipation is equal to the rate of heat gencration. 
Hence Rb =W, or— 


W 

ВЕ Fe ee ee A 

where b = watts dissipated per degree temperature rise. 
An intermittently running motor will similarly have a final tempera- 

ture rise— | 
ы ( 

pel CUR & we G 
R= — ) 
provided that the rate of cooling, i.e., the value of b, is the same whether 


the motor be running or standing. This is not correct for machines of 
the ventilated type, which will be considered later on, but we may take 


Temperature rise 


Time 


FIG. 2. 


it that it applies approximately: to totally enclosed machines.* As 
it is with these that we wish to deal at present, we may take equation 
(5) as being applicable. 

Now, from the definition of the load factor— 


hence— 
R; = =Rxf © e o © © 57 ® (6) 


* Belt-driven totally enclosed machines show frequently a much lower rate of 
cooling when standing than when running. This is largely due to the ventilating 
effect of the pulley and belt, and sometimes to circulation of air through small 
openings in the casing. i 
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The final temperature rise of a totally enclosed motor for inter- 
mittent running is equal to that it would obtain when working con- 
tinuously multiplied by the load factor. It also appears (and this is an 
important point) that the final temperature rise of a motor, whether 
used for continuous or intermittent working, depends for a given loss 
entirely on its heat-dissipating qualities, i.e., chiefly on the amount and 
character of its cooling surface. 

In practice the temperature of a machine is not uniform, but differs 
in different parts. The letters 7, R, 7; Ra must therefore be understood 
to refer to the temperature rise of the hottest accessible part, which is 
the limiting factor for the rating. Accordingly we must define b as 
the watts dissipated from the surface of the whole motor per degree 
temperature rise of the hottest accessible part. 

This leads to the equation— 


b — cooling surface x mean specific dissipation 
mean temperature rise of surface > э (7) 
temperature rise of hottest accessible part 


where mean specific dissipation == average number of watts dissipated 
by unit of surface per degree temperature rise of surface. 

Having now clearly recognised the factors determining the tem- 
perature rise under working conditions, let us similarly consider the 
temperature rise under test conditions. 

The Temperature Rise after a Short Time Run.—This will be found 
for any desired length of run /, if we know the equation of the heating 
curve r= 9 (t) (Fig. 2). According to E. Elschlager, this is an expo- 
nential curve of the form— 


aR cai) by Hie уйу S کد‎ oe S) 


€ = basis of natural log = 27718, 
T = time constant of the motor (in hours). 
t = length of run (in hours). 


where— 


It will not be out of place to consider the proof of this statement 
in order to be conversant with the assumptions underlying it and to 
find out the meaning of T. 

The assumption is made that the heated body is homogeneous, and 
that a constant amount of heat per unit of time in watts is generated 
in it uniformly throughout the body. Supposing no dissipation took 
place, so that the whole of the energy produced had to be stored їп 
the form of heat energy, the temperature of the body would rise 
according to the straight line— 

m ET 


a 


where a — watt-hours stored per degree temperature rise (Fig. 2). 
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The gradient of this hypothetical line— 


{апа u-——— 9. 18. О) 
must correspond to the gradient of the actual temperature curve at the 
commencement (7 == о), when there is as yet no dissipation of heat 
due to radiation, etc. With increasing dissipation, however, the rate 
of increase in stored energy, and therefore the gradient of the r curve, 
will decline more and more from its initial value, and generally the 
gradient will be— 


r WW W-—br 
— mm — = — по E 


а 
dt a a 


where W'-zbr is the amount of heat dissipated at the respective 
temperature expresscd in watts. This differential equation leads 
immediately to— 


where— 
a | 
I — b . . е . e e ° ° е e (12) 


Equation (8) will give us the temperature rise after a run of ¢ hours, 
whilst (12) states the meaning of the time constant T. 

For the consideration of half-hour tests, however, with which we 
have mostly to deal in practice, we may greatly simplify the result. 
On looking into the temperature curve of any machine excepting the 
very smallest sizes, we observe that after half an hour's run the tem- 

Wxt 


perature has departed only very little from the straight line r, — 


Taking further into account that the exponential curve is after all 
only an approximation, because it is based on suppositions not strictly 
correct, we are justified for further considerations in replacing the 
exponential curve by the straight line— 


put f= 4 hour. 
a 


Hence for half-hour tests— 
SS жаз жле сй жоош ж ES) 


and for quarter-hour tests— 


(14) 
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For practical purposes we must again define r as the temperature 
rise of the hottest accessible part. The constant a represents, there- 
fore, the watt-hours stored in the whole machine per degree tem- 
perature rise of the hottest accessible part, and may be written— 


а = weight x mean specific heat x heat distribution factor . (15) 


where the heat distribution factor is the ratio— 


mean temperature rise of mass 
temperature rise of hottest accessible part 


which prevails after the time f. 

Whilst the final temperature rise of an intermittently running 
motor with given loss depends on the factor b—equation (7)—we now 
find that the rise after a short full-load run depends on the factor a, 
and that the latter consists of constituent parts altogether different 
in character from those forming b. The temperature rise under work- 
ing conditions is determined by the heat-dissipating properties—i.e., 
mainly the surface ; that under conditions by the heat storing proper- 
ties—i.e., mainly by the weights. These two properties are practically 
independent of each other. It is on account of this essential difference 
that I consider a short time run as a test in principle unsuited for 
intermittently running machines. 

Conneclion between the Temperature Rise under Working Conditions 
and that after a Short Full-load Run.—This contention will be objected 
to with the argument that a definite connection between the test result 
and the behaviour under working conditions is easily established, so 
that the former can be converted into the latter. I shall try to prove 
that this argument must be dismissed on theoretical and practical 
grounds. | | | 

We found the temperature rise under working conditions— 


R;—R/, 


and the rise after a full-load run of duration /— 


hence— 
pm E кал кези EO) 
I= t 
This ratio f ; = С may be termed the conversion factor. If 
т—ет 


iis sufficiently short to justify the adoption of the straight line 
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pm in place of the exponential curve the conversion factor 
a 


assumes a much simpler form. 


We have— 
W Wt 
R= тх} т ub 
hence— 
R: a.f Tx 
==, A 1 $e -ж 16 LET) 


The conversion factor for half-hour and quarter-hour rated motors 
is therefore 2 Tf and 4 T f respectively, and this discloses the true 
significance of the time constant T. As soon as T is known, the con- 
version factor may be calculated or taken from curves such as given 
in Figs. 3 and 4, but without its knowledge no such conversion can be 
effected. 

Everything depends, therefore, on the knowledge and the charac- 
ter of T. 

The Time Constant T.—Unfortunately, however, the so-called time 
constant is of a rather complex nature. From (7), (12), and (15) 
we find— 


т weight 
— b effective cooling surface 
heat distribution factor x temperature rice of hottest accessible part 
temperature rise ot surface 
specific heat o,o, . . . . . (18) 
specific dissipation | 


The most important factor influencing T is the ratio— 


weight 
effective cooling surface' 


and for a series of machines developed on systematic lines the other 
factors of equation (18) may be considered as constant and T plotted as 
a function of this ratio. Fig. 5 shows this curve for a series of four 
polar totally enclosed motors of the Phoenix Dynamo Manufacturing 
Company. All these machines have cast-stecl yokes, and it appears 
Р kilogrammes Ibs. 
that Tas 005 square decimetre °" 4? square inch’ 
of the series which is of 10 Н.Р. at goo revolutions and } load factor 
has a time constant T=1°35, whilst for the largest of 100 H.P, 
at 400 revolutions we have T = 3. 


The smallest motor 
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Even larger variations of T for the same range of output are found 
in practice, and one may say that for motors from 5 to roo H.P., T 
varies between limits as wide apart as I and 4. This variability would 
be less serious if T had at least a practically constant value known 
beforehand for all motors of a definite output, though of different 
make. But this is by no means the case; T depends largely on the 
design, as will be realised from a consideration of equation (18) only. 
Indeed, to be correct, it must be pointed out that T is not even con- 
stant for a given machine, because some of the factors forming it, 
chiefly the specific dissipation, depend on the speed. This applies ` 
to all machines, but particularly to motors of the ventilated type, and 
it results in the time constant of series-wound motors being dependent 
on the load. 

The variability of Т necessitates its experimental determination 
from heating and cooling curves, if any reliable information about the 
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temperature under working conditions is to be obtained from the 
results of a short time run. Without experimental determination of Т 
the results of a short time run are of little value. 

The average purchaser of a crane-rated motor, however, cannot be 
expected to be conversant with these facts. Indeed, I cannot recollect 
a single specification relating to intermittently working motors which 
contained any reference whatever to the constant T, and I am con- 
vinced that not many engineers (excepting designers) have a clear 
conception of its significance. 

There are rare instances in which the experienced crane- maker 
specifies r-hour tests for the larger, and half-hour tests for smaller size 
motors, and occasionally special requirements are indicated. But the 
general practice is to specify half-hour tests indiscriminately and with- 
out any reference to the time constant or the load factor. To judge 
from the care with which the temperature at the end of the test is 

VoL. 49. 15 
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measured, not many people seem to realise that a motor for, say, 1 load 
factor may reach a temperature under working conditions anywhere 
between half and twice that found after a full-load run extending over 
half an hour. Chiefly from this knowledge I have come to the con- 
clusion not only that short time tests are misleading, but that the 
conversion of their results by means of the time constant as repeatedly 
suggested is not a practical proposition, and cannot be accepted as a 
final solution of the problem. 

Rating.—But let us look at the subject from the designer's point of 
view. The customary testing practice places the problem before him 
of producing a motor with a minimum cost of material which must be 
capable of giving a specified output for, say, half an hour without its 
temperature rise exceeding a certain limit. The loss in watts for a 
given output cannot very well be reduced below a known minimum, 


and the temperature after a run of half an hour — = depends other- 


wise only on the heat-storing qualities. There will thus be a natural 
tendency to adopting the latter as the basis of rating, and an endeavour 
to increase the heat capacity, so far as is reasonably possible, in order 
to enable a larger output to be obtained from an armature of given 
dimensions. With this end in view, a heavy cast-iron carcase may be 
used in place of a light steel frame, and the weight of the other 
inactive portions of the machine, such as bearing end plates, covers, 
armature bush, etc., may be increased, keeping at the same time the 
heat distribution factor as high as possible. On the other hand, there 
is little inducement to pay much regard to the cooling properties which 
do not directly enter the problem. By such means it is easily possible 
with hardly any increase in the cost of the motor to raise its heat 
capacity, and increase the rating by some 25 per cent. or more. But 
if we ask ourselves if these alterations of the design represent a real 
improvement, the answer will be decidedly in the negative. We know 
that the final temperature rise under working conditions docs not 
depend at all on the weight but on the cooling properties, and as these 
are not appreciably improved, the alterations merely result in a larger 
time constant, but not in a genuine increase in the capacity of the 
machine under working conditions. Such methods of producing cheap 
crane motors can only be considered as illegitimate. They are made 
possible by the unfortunate practice of short time tests, which result in 
the temperature rise under the test conditions being dependent on 
factors entirely different from those which determine the temperature 
rise under working conditions. 

The influence of the testing practice on the rating is also evident 
from the lists of quite a number of manufacturers showing the same 
output of crane motors whether they be totally enclosed or of the 
ventilated type. This again is due to the temperature rise after half 
an hour depending almost entirely on the weight and not on the 
cooling properties. In actual work the ventilated motor is, of course, 
capable of giving a larger output than the totally enclosed one, and it 
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could be rated higher than the latter, unless the limits of mechanical 
strength or of sparkless commutation are approached. This would be 
manifested if the heat dissipating qualities formed, as they should do, 
the basis of rating. 

So we see the practice of short time tests, in addition to being 
deceptive, is leading the progress of design into wrong channels by 
establishing a false basis of rating.  Indirectly, it retards healthy 
developments ; such, for instance, as improvements in the dissipation 
from the surface of tetally enclosed machines. А proposal to abandon 
the practice of short time tests altogether is therefore likely to find. 
general support provided that another method of testing can be sug- 
gested which is free from the indicated defects. 

The Requirements of a Suitable Test.—The test adopted should give 
direct and reliable information on the temperature rise of the machine 
under working conditions. It must take the load factor duly into 
account which in every instance is to be specified. The factors which 
determine the temperature rise during the test should be identical with 
those on which it depends under working conditions, :.e., the heat 
dissipating qualities, and the method adopted must thus indirectly lead 
to the cooling surface, and not the weight being considered the basis 
of rating. 

Finally, the test conditions imposed should be capable of being 
easily complied with by the ordinary testing plant and arrangements of 
the manufacturer. 

Suggested Methods of Testing Crane Motors.—An ideal test would, of 
course, be one corresponding in every respect to the working con- 
ditions. For two reasons this ideal is incapable of attainment. The 
first is the practical impossibility of reproducing the exact starting 
conditions, and secondly, the duration of the working period is mostly 
so short as so make its reproduction a matter of very great difficulty. 
A compromise must be made with regard to both these points. 

The real load curve must inevitably be replaced by a curve of more 
simple form, yet equal load factor and the duration of the working 
period will have to be extended. Thus we arrive at the crane test with 
extended periods, as suggested by Goldschmidt,* and by Broughton.1 
The latter employs a period of 12 minutes for any size of motor and 
any load factor. This means, for instance, 6 minutes running and 
6 minutes rest for one half-load factor ; 2 minutes run and 10 minutes 
rest for $ load factor. This test is to be carried on for a length of 
time sufficient to obtain a practically steady value of the mean 
temperature. | 

Such a test, however, especially for small load factors, requires 
almost continual and very careful attention, and an element of doubt 
is introduced. due to the time required for bringing a motor from stand- 
still to full speed, bearing a comparatively large proportion to the 
running time of each period. On this ground the suggested method is 


* Sfournal of the Institution of Electrical Engineers, vol. 34, p. 690, 1905. 
T Electrician, vol. 60, p. 120, 1907. 
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not free from objections, which is perhaps the reason for its failure to 
find much favour in practice. 

Goldschmidt went a step further, and — a very much 
greater extension of the working period ; for instance, to 3o minutes, 
consisting of 9 minutes running and 21 minutes standing in the case of 
0'3 load factor. It is obvious, however, that the temperature found 
immediately after the 9 minutes’ run will be appreciably above the 
mean temperature, and the difference will be the greater the smaller 
the machine. 

Probably on this account he recommended to shorten the 
period for small machines and to extend it still further for large 
ones. 

It is hardly desirable, however, to have different tests for different 
sizes of machines, and any method adopted as standard should, if 
possible, be uniformly applicable. 

This difficulty may, however, be easily overcome. We need only 
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Time 
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take the temperature not immediately after the last run, but after one- 
half of the standing time has elapsed, or, alternatively, we may limit 
the last run to one-half of the ordinary running time, and then take 
the temperature immediately the motor stops. Due to the curvature 
of the heating and the cooling curves (see Fig. 6), the temperature 
with the first method (point 1) will be somewhat below, with the 
second (point 2) somewhat above the mean temperature. 

If this is being done, there is no objection to a very great extension 
of the working period. It would be advisable, however, not to specify 
the length of the whole period, but the duration of the running time, 
which for all load factors might be taken as то minutes. This would 
bring us to the following specification :— 

The temperature rise of machines for intermittent working shall be 
found by subjecting them to a prolonged test consisting of successive 
periods of running and of rest. The running time to be 10 minutes, 
the standing time adjusted in accordance with the specified load 
factor ; the duration of the test to be sufficient for the mean tempera- 
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ture to attain a practically constant value. The last run to be of 
5 minutes duration, immediately after which the temperature is to be 
measured. 

A crane test with extended periods as here suggested can be carried 
out without great difficulty, and it meets all the requirements which 
have been enumerated. I am aware, however, that there is some 
disinclination on the part of the manufacturers to adopt as a standard 
test one requiring frequent starting and stopping, and on this account 
I wish to make an alternative suggestion. 

A Crane Test with Continuous Load.—As pointed out before, to 
arrive at a practicable test a departure from the actual load curve is 
unavoidable. There is no serious objection to this so long as we make 
sure that the change introduced does not materially affect the tempera- 
ture rise. This being the case, we may take the bold step of replacing 
the curve of irregular and intermittent load by one of constant and 
continuous load, adjusted in such a manner that the loss becomes 
practically equal to the mean loss W,, under working conditions. This 
condition, however, must apply not only to the motor as a whole, but 
also to its individual parts, so that the distribution of the losses remains 
practically unaffected. 

Now, according to the definitions adopted, W,, is with close approxi- 
mation equal to W x f, and our object will be obtained, though not 
accurately, yet nearly enough for practical purposes, if we run the 
motor continuously with its pressure and current reduced in proportion 
to the square root of the load factor, 7.e.— 


Test voltage ... = A/f x normal voltage. 
Test amperage = ,/f x normal amperage. 


For the load factors 2, 4, 4, and 3 the continuous test is to be carried 
out with 0°71, 0°57, 0'50, and 0'45 respectively of the normal current 
and pressure. It is obvious that first of all the copper losses 
throughout the motor will be exactly f times the copper losses at full 
load, as desired, and this applies both to the armature and field, 
whether the motor be shunt or series wound. 

The iron losses in the armature are also reduced approximately in 
the desired proportion on account of both the flux and the speed being 
smaller than the normal. The friction losses are the only ones which 
are reduced appreciably less than in the desired ratio. 

Taking the sum of all the losses, we find they are very little higher 
than W x f. I have worked out the losses in the case of 3-crane 
motors at full load and also for a test according to the square root of f 
rule for 4, 4, 1, and j load factor, and the result shows that the average 
excess of the total losses during the test over W x f is only 44, 8, 114, 
and 734 per cent. for $, 4, 1, and } load factor respectively. 

As will be seen, it is chiefly the excess of the friction loss which 
causes the total loss during the continuous test to be larger than W f. 
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But this is not a serious objection. In fact, it is desirable that it should 
be so for the following reasons :— 

We defined at the outset the load factor f as the ratio (virtual load)? 
to (full load)? and as distinct from the older definition z p In 
doing so, we intended maintaining, as nearly as possible, the connection 
Wa, == W xf. This object is obtained with regard to the copper losses 
and approximately so with regard to the iron losses, but the mean 


friction losses are dependent on the time of running. Now Pg 
is invariably greater than f, and in the case of series motors the 
friction loss is even increased during the periods of reduced ‘load on 
account of the rise in speed (see Fig. 8). The same remarks apply to 
a lesser extent to the iron losses. In consequence W,, is actually 
somewhat greater than W x f, and we may say that the continuous 
test as above suggested corresponds with great accuracy to average 
working conditions so far as the losses in all parts of the motor are 
concerned. 

This being the case, it will be applicable to all stationary 
machines, such as transformers, and also sufficiently accurate for 
totally enclosed motors for intermittent working. The curves (Fig. 7) 
representing the test results of a 40-H.P. motor will further prove this 
contention. 

Application of the Continuous Test to Ventilated Machines.—A serious 
objection, however, seems to stand in the way of the employment of a 
continuous test for all ventilated motors. The temperature of these 
machines being dependent not only on their losses, but to a large 
extent on the effectiveness of their ventilation, it will be argued that in 
spite of the equality in losses, the temperature rise after a continuous 
test must be lower than it will be under working conditions, when the 
motor is standing for a considerable portion of its working period. To 
what extent this argument is correct depends firstly on the importance 
of the ventilation on the temperature rise generally. In this connec- 
tion it must be remembered that nearly all crane motors are slow-speed 
machines. 

It will also be observed that the ventilation during the continuous 
test, according to the above suggestion, is reduced on account of the 
reduction in speed. For instance, the motors of Table I. during the 
continuous test, corresponding to 4, 4, 1, and $ load factor, would run 
with an average of 74, 64, 59, and 56 per cent. respectively of their full- 
load speed. Finally, it must again be pointed out that an intermittently 
working motor revolves in practice for a much greater portion of the 
total period than its load factor f indicates (see curve B, Fig. 1). In the 
case of series motors the ventilating effect is still further increased 
during the periods of reduced load on account of the rise in speed. 
The temperature rise of an intermittently working motor of the 
ventilated type depends therefore not only on the load factor but on 
the whole shape of the load curve. This will be clearly realised from 
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a consideration of the speed curves (Fig. 8), and a comparison of curves 
B and C demonstrates that the ventilation during the continuous test is 
not necessarily better than it is under working conditions. Considering 
the uncertainty as to the temperature rise of ventilated motors due to 


FIG. 7. 
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the large variety of load curves corresponding to the same load factor 
which are found in practice, I come to the conclusion that the con- 
tinuous test is applicable to ventilated machines as well as to totally 
enclosed ones. 
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TABLE I. 
Load Factor f. " 5. 4. 4. 3. 
Vf, I. 0707. 0'577. o's. 0447. 
11$ H.P., 220 VOLTS, 49 AMPERES, 630 REVS. 
Volts ... 220 156°0 127°0 110:0 98:5 
Amniperes 49 346 28:3 24:5 22°0 
Revolutions ... 630 | 460°0 395°0 | 3630 | 340°0 
Per cent. of full- load speed 100 730 62:8 575 540 
Iron losses 156 go 66 52 43 
Copper losses 1,715 857 572 428 343 
Bearing and brush ‘friction 105 77 66 60 56 
Contact losses 98 58 43 35 29 
Total losses 2,074 1,082 747 575 471 
Excess of losses over Ww x f 0 4% 8 96 11% 13 % 
264 H.P., 220 VOLTs, 109 AMPERES, 500 REVS 
Volts ... 220 | 1560 I27 | IIO'O 98'5 
Amperes 109 77°O 63 54°5 49°0 
Revolutions ... Soo | 3670 315 292°0 | 272°0 
Per cent. of full- load speed 100 73°5 63 58:2 542 
Iron losses 254 153 107 87 70 
Copper losses is ,380 1,690 1,130 845 675 
Bearing and brush friction 191 140 II9 III 104 
Contact losses 218 129 96 77 65 
Total losses ... e. | 4,043 2,112 1,452 1,120 914 
Excess of losses over Ww xf 0 45% 75% II % 13% 
118 H.P., 440 VOLTS, 222 AMPERES, 400 REVS 
Volts 440 | 312°0 | 2540 | 2200 | 197:0 
Amperes 222 | 1570 | 1280 | III‘o 690 
Revolutions ... 400 | 302°0 | 265°0 | 246°0 | 2340 
Per cent. of full-load speed 100 752 66'2 61:3 58:5 
Iron losses 630 372 267 2IO 177 
Copper losses sid .. | 8,080 4,040 2,700 2,020 1,615 
Bearing and brush friction 465 351 308 287 272 
Contact losses 444 264 195 157 133 
Totallosses ... 9,619 5,027 | 3,470 2,074 2,197 
Excess of losses over Wx f о 45% | 85% 12% | 145% 
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I do not contend that it gives exact information on the temperature 
rise under working conditions in every instance, but suggest that it 
meets the fundamental principles and all reasonable requirements to 
which a method of testing thedarge class of intermittently working 
machines should comply. | 

Modifications of the Continuous Test for Shunt Motors, elc.—As pointed 
out before, in the case of shunt-wound crane motors, we have to dis- 
tinguish between the load factor of the armature farm, and that of the 
field faea. It will be found in most cases that they do not differ much 
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from each other, and that the test as above described is directly 
applicable. Otherwise the following modification of the continuous 
test might be specified :— 


Test voltage ... = fea X normal voltage. 
Test amperage = X fam. X normal amperage. 


The continuous test is also applicable to all alternating-current 
machines, where necessary, with slight modifications. 

Conclusion.—Whatever substitute for short time tests may in future 
be adopted, the present practice can no longer be considered as being 
in accordance with scientific principles. No doubt this subject will be 
carefully investigated in connection with the framing by this Institution 
of definite rules on the rating and testing of all electrical machines, and 
I hope this will not be much longer deferred. 


Mr. 
Hartnell. 


Mr. Cridge. 
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DISCUSSION, 


Mr. WILSON HARTNELL: The ordinary testing of enclosed motors 
is most unsatisfactory and the statements regarding them made by 
various makers are misleading. Dr. Pohl has put the matter before 
us in almost abstract form, but it seems to be one of those subjects 
which does not lend itself to an abstract discussion. In abstract 
reasoning on a complicated subject one should be able to ignore 


many facts, as being of minor importance, and to deal clearly with 


the main matters. Here the difficulties of obtaining a formula or 


- mode of testing that will enable the final temperature of an enclosed 


motor to be predicted from a brief test seem almost insuperable on 
account of the many unknown variables of almost equal importance. 
I investigated this subject from an experimental point of view, and 
published the results two years ago.* I thoroughly agree with 
Dr. Pohl wherever he has touched on practical points, especially on 
page 219 regarding the heating and cooling curves, but he does .not 
say very much about the cooling curve. The tangents to the be- 
ginning of the heating curves of the first nine motors on Table I., 
page 491 of my paper, may be drawn by dividing 72 on a vertical 
scale of degrees by the figures in the last column of Table I. measured 
from a horizontal scale of minutes. I found that although the heating 
and cooling curves of different sizes of motors have a general resem- 
blance, they are far from identical. The larger the enclosed motor 
the higher the final temperature. Thus I was forced to the conclusion 
that no large totally enclosed unventilated direct-current motor could 
be run at full load continuously. Dr. Pohl states that the heating and 
cooling curves approximately represent the logarithms of the ratio of 
two factors. This may be so, but the factors themselves are involved 
quantities, only discoverable by experiment. It would be interesting 
to have the complete heating and cooling curves of two enclosed 
motors. I entirely agree with him that from such curves the final 
temperature of the motor under intermittent loads could be found 
by means of a zigzag line such as he has shown and described on 
his diagram on page 219, Fig. 2. Practical engineering obliges us 
to search for truth by statistical methods where the result depends on 
many indeterminate variables. Having experimentally obtained a 
complete standard curve for a given motor, the test of a similar (or 
nearly similar) motor need only be carried far enough to obtain the 
tangent, and say, three points in the heating curve. The complete 
curves can then be surmised and drawn from the standard curve 
(see Fig. 4, page 223). By this means the behaviour of an enclosed motor 
under all ordinary circumstances can be demonstrated from a short 
test in a convincing manner, and with sufficient accuracy for all 
practical purposes. 

Mr. A. J. CRIDGE : It is not immediately obvious why the ratio 
mentioned should be the load factor. It seems to me that if the area 


* Sournal of the Institution of Electrical Engineers, vol. 41, p. 490, 1908. 
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of the current curve as taken on a recording ammeter were divided 
by the area of the rectangle representing the product of the maximum 
current and the total time, the ratio would correspond more nearly 


to what is generally called load factor. If Dr. Pohl has come to 


the conclusion that the two ratios are usuallv identical, I would ask 
him to tell us something of the way in which he has done so. The 
curves and data asked for by Mr. Hartnell would, no doubt, be very 
interesting, but I rather approve of the way in which the author has 
reduced them to general equations, and with a little expansion I 
think they would be sufficiently practical for manufacturing purposes. 
I am prepared to agree with Dr. Pohl that the present practice in 
regard to the testing of motors for intermittent use is not satisfactory, 
and I think that the Institution ought to lay down some rules not 
only for this but for other testing work. This has been done in 
America with very great advantage to electrical engineers there. I 
was rather surprised to see what an extremely variable quantity the 
time constant of a motor is ; it seems to vary with almost every con- 
ceivable condition ; it alters with the heating curve, with the cooling 
curve, with conditions of running, and in a different way with different 
motors. It would seem open to question whether it should be re- 
garded as a constant at all. 

Mr. H. E. YERBURY : In my opinion it would be advisable to dis- 
sociate traction motors for tramways from such admittedly intermittent 
work as cranes, hoists, and lift motors. Now that electric braking is 
being used to such a large extent in.tramway work, one cannot look 
upon motors for traction work as machines for short period working. 
The guiding principle enunciated by Dr. Pohl that the testing of any 
finished machine should accurately represent its future working 
conditions may be satisfactory from a designers or manufacturer's 
standpoint ; but I would go further, and from a user's standpoint suggest 
that a machine should be subjected to continuous load above that 
for which it would be normally run. In the case of traction motors 
the usual period of test is four hours full load, but I should say for 
crane and lift work a shorter test would be satisfactory, especially if 
it be a full-load continuous one. Undoubtedly the heat generating 
ability and heat dissipating quality of a motor are most important 
matters, and in my experience trouble with motors of all classes has 
been invariably traced to overheating and consequent failure of in- 
sulation. I am pleased to hear that the author considers a very short 
time run unsuited even for intermittent ruuning machines, and also 
that he favours cast.steel yokes for motors. I find some con- 
tractors prefer to use cast-iron yokes, and do not like cast-steel yokes 
to be specified, presumably because they are not in a position to cast 
them in their own shops. I agree with the author that there should 
be an established basis of rating and testing for all machines, but 
manufacturers should always be in a position to quote to an engi- 
neer's specification, for instance, respecting temperature rise for a 
machine working under exceptional conditions. Standardisation is 


Mr. Cridge. 


Mr. 
Yerbury. 


Mr. 
Yerbury. 


Mr. 
Ingleby. 


Mr. 
Wardale. 


Dr. Pohl. 
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good, but the conditions of working often require specially designed 
machines. 

Mr. J. C. B. INGLEBY : There are several factors mentioned in the 
paper which, to the best of my knowledge, are still found experimentally 
and dealt with by rule-of-thumb methods or by interpolation of the 
results. It is not easy to predetermine the ratings of a totally enclosed 
motor, but it appears to me that the method of circulating the air 
inside the motor has a great deal to do with the temperature rise in 
such machines. For instance, taking a 20-H.P. motor with a one-hour 
rating, and a speed of 775 revs. per minute, if this motor were rated 
for half an hour, the speed could drop to about 510 revs. per minute, 
or for a quarter-hour rating to about 350 revs. per minute. The 
temperature coefficients mentioned by the author would take a long 
time to find, and no doubt would soon have to be found again owing 
to some drop in motor prices necessitating slight changes in the 
general design. 

Mr. W. T. WARDALE : I would like to call attention to one point 
that appeals to me as worthy of consideration when dealing with 
the subject of intermittently working motors. I believe the auxiliary 
motors on the battleships of our Navy are tested as intermittently 
working motors, and the author has mentioned tbe first half-hour of 
the test is misleading, because if the motors are working in connection 
with ammunition hoists on these ships, in the event of a long fought 
action the temperature of the whole ship would go up tremendously, 
and further, every shot which the ship received would, of course, strain 
to some extent the whole ship's framework, and it is quite possible 
the guides on which the hoists run may be jammed. If these motors 
gave out at a critical time, it would be a serious matter. With regard 
to designers taking the risk of using cast-iron yokes, I think in the 
long run they will reap what they deserve, because such motors will get 
classed as those that may stand the test on the test-plate, but will not 
do the work outside. I would like to suggest that the author should 
test in the ordinary way on the test-plate with a set of motors for a 
crane and afterwards equip a crane with these motors. If this were 
done over a full working day some valuable relation might be established 
between the practical working conditions and the test-plate conditions. 
We might then find an approximate ratio between test-plate con- 
ditions and working conditions, which would be a useful guide when 
designing such motors. 

Dr. POHL (in reply): Mr. Hartnell pointed out that the cooling is 
very much more intense when the motor is hot than when it is cool. 
The heating and cooling portions of the main curve on page 219 
exactly conform to the heating and cooling curves shown in the same 
diagram and clearly illustrate this point. Mr. Hartnell further sug- 
gested that a series of tests should be carried out to ascertain exactly 
the heating and cooling curves of a number of motors, and that from 
such curves it would be possible to find out beforehand what the 
running conditions would reveal. I have taken a number of such 
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curves for direct-current and alternating-current machines, both of 
the totally enclosed and open type, but did not think it worth while 
to include them in the paper because the results of such tests have 
already been published. Curves of that kind are given in Gold. 
schmidt's paper.* The investigation of the working results by means 
of heating and cooling curves has been suggested by various authors 
I have referred to, and no doubt reliable results can be obtained in 
this manner. Having found the time constant for running at a 
certain speed, one can draw the whole of the heating curve, and 
from the time constant for cooling the cooling curve may be drawn. 
Under an intermittent load with any given load factor it will then 
be possible to draw a curve Such as shown in Fig. 2, and it will almost 
exactly represent what is obtained in practice. But the time constants 
must be actually found by experiment, because a guess might easily 


be wide of the mark. It is on this account that I think such procedure ` 


is far too complicated as a standard test for intermittently working 
motors. What is wanted is one simple test which gives the required 
information directly, and that is the essence of my paper. 

The time constant is a most complicated figure, and as Mr. Hartnell 
pointed out, there are a large number of constants which affect the 
heating and cooling, yet the interesting fact remains that in investigat- 
ing any practical curves, one finds they can be expressed with sufficient 
accuracy by the exponential equations given. My experience agrees 
with that of Mr. Hartnell, that 3-phase motors when totally enclosed 
show more satisfactory results than direct-current machines. 1 
believe this to be due to the cast-iron casing being in close touch 
with the stampings which are the seat of a great part of the losses, 
and also to the very small gap between stator and rotor, which facilitate 
the rapid transfer of the heat from the interior to the surface. 

Mr. Cridge expressed some doubt as to whether my definition of the 
load factor—equation (3)—is correct. I put it forward as a suggestion 
and am inclined to think that it is largely a matter of choice what defini- 
tion one adopts, so long as it is clearly stated. The reason why I put 
n current a is, first, that by so doing the 
mean loss under working condition 

loss at full load 
secondly, that it comprises as a special case the older definition 


f= PEY One may test this latter point by a concrete example. 

Mr. Cridge further objected to the “time constant " being called a 
constant seeing that it is such a variable quantity. I am in the fullest 
agreement with him. It has, however, always been termed “time 
constant” in technical literature, and this may be an excuse for 
my use of the term. Mr. Hartnell pointed out that it was not 
of much use to put a fan into a totally enclosed motor. This 
agrees entirely with my own experience. Mr. Yerbury wished to 


* Sournal of the Institution of Electrical Engineers, vol. 34, p. 660, 1905. 


it in the form f= 


connection f — is maintained, and 
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dissociate traction motors from crane motors. I do not, however, 
see that this is necessary, because in principle they can be treated 
in the same manner, although their duty is in most cases very 
much heavier. Heavier duty simply means that the specified load 
factor for which they must be tested is correspondingly higher. I 
might mention, as a concrete example, that some large railway motors 
recently supplied for most onerous duty on express-passenger trains 
were, in accordance with the specification, designed and tested for 
load factor unity, 7.e., for continuous running on full load. I would 
suggest that if a diagram of operations be drawn for a traction motor, 
corresponding to the heaviest loads the motor may be called upon to 
deal with under the most unfavourable conditions, and that duty be 
specified in terms of the load factor, then a motor complying on the 


test-bed with that specification will certainly prove satisfactory in 


practice. This will meet Mr. Yerbury's point, that a motor should 
be tested above what it has to do. It is the purchaser who should 
make sure of this, by specifying a load factor which corresponds not to 
the normal but the heaviest possible duty.. Manufacturers cannot be 
expected to test motors above what is specified. Motors are ordered 
to requirements, and the manufacturer's duty is to prove on the test-bed 
that the motor is in every respect in conformity with the specified 
conditions. 

I can confirm what Mr. Wardale pointed out, that motors for 
ammunition hoists for the Navy are specified to be tested inter- 
mittently for a great length of time. I believe this is a case which 
meets Mr. Yerbury's view. The heaviest possible duty which the 
motor may be called upon to perform is specified as the normal duty 
of the motor. Mr. Yerbury's experience as to the use of cast-iron 
yokes by some contractors confirms my remarks on that point. I also 
agree with him that manufacturers should be capable of dealing with 
the requirements of buyers when specially designed machines are 
needed. At the same time, I maintain thatat presenta large number of 
machines are special ones and in consequence more expensive, which 
need not be special at all. This is due to the absence of rules on the 
rating and testing of machines, backed up by a competent authority. 
Purchasers would refer to such rules instead of putting their own 
divergent and sometimes crude notions on paper and insisting on 
a strict adherence to the same. 
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ORIGINAL COMMUNICATION. 


GRAPHICAL TREATMENT OF THE ZIGZAG AND 
SLOT LEAKAGE IN INDUCTION MOTORS. 


By R. E. HELLMUND. 


(Received Fune І, 1909. Revised May, 1910.) 


In a paper read before the National Convention of the American 
Institute of Electrical Engineers at Atlantic City the author gave certain 
graphical methods for the study of the main field in induction motors.* 
It is the purpose of the present paper to employ similar methods for the 
investigation of the zigzag and slot leakage fluxes and their effects. 
Incidentally a number of factors which are required for the practical 
design of induction motors will be derived. The results obtained in 
the paper are given in a condensed form in the Appendix, where they 
are also transformed into simple expressions, which I believe are exact 
enough for all practical purposes. 


DEFINITIONS, 


I. Leakage Coefficient.—The leakage coefficient is one of the chief 
factors upon which a number of customary methods of designing 
induction motors as well as methods for the experimental investigation 
of induction motors are based, and it is partly for this reason that this 
factor is dealt with at some length. The chief reason for determin- 
ing this value is, however, the fact that it fixes directly the excel- 
lence of a motor in almost every respect, and therefore the values 
obtained for this factor form a direct means for determining the 
relative merits of various designs. If properly designed, a motor will 
always be better the smaller the leakage coefficient. This fact alone 
seems to the author sufficient to make methods of designing based on 
the leakage coefficient more desirable than others. Another reason 
why the author prefers to work with this coefficient is that the expres- 
sions for calculating it are simpler than those which take the leakage 
phenomena into account in some other way, assuming, of course, that 
they are equally exact. This is to be expected, because the leakage 
coefficient, no matter how it is defined, is always a ratio between the 
effects of the leakage field and the main field. These contain a number 


* Transactions of the American Institute of Electrical Engineers, vol. 27, р. 1373, 
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of common factors which influence both fields, eliminating each other 
in the formula for the leakage coefficient. As pointed out in one of 
the author's papers on “Zigzag Leakage,” * the definition for the leakage 
coefficient varies greatly with different writers. This is probably due 
to the complexity of the induction motor phenomena, which make 
it difficult to give a definition equally well suited for all purposes. 
There is one value for the leakage coefficient, however, which is most 
frequently used in practice, and I shall proceed to determine this value 
in the present investigation, without going further into a discussion 
concerning the relative merits of the various definitions. This defini- 
tion is given by the following equation— | 


1 | 
@ ЖЕУ, муз. уй. жо. ж. 7 Д) 


where i» is the magnetising current of the light-running motor and i; 
the stator current, while the rotor is locked and short-circuited ; both 
values under the assumption that the losses in the motor are zero—i.e., 
that the circuits are purely reactive circuits. Both values apply, of 
course, to the same,impressed potential. 

The above formula for с may be changed into a form which is more 
convenient for the succeeding operations. Let the potential, which 
calls for a no-load magnetising current i,,, be ey. In order to obtain 
the same current value i, for the locked rotor condition the potential 
must be reduced to a value— 
lin 
€, = Cm 1 
under the assumption that the magnetic reluctance of the iron is 
independent of the density. It follows, therefore— 


% in 
Cm і’ 
and— 
é 
с eee we we 2) 


Since the potentials induced in the motor must be equal and oppo- 
site to the impressed potentials, we may consider e; in formula (2) as 
the potential induced per phase in the locked rotor condition, and e,, 
the potential induced while the rotor is running with synchronous 
speed, the same stator current being assumed in both cases. With this 
modified definition the leakage coefficient may be easily determined, 
since the potentials induced under the assumption of a certain current 
are given for the no-load condition by the diagrams of my previous 
paper,+ and for the locked condition by the diagrams in the following 
investigation. 


* Transactions of the American Institute of Electrical Engineers, vol, 26, p. 1505, 
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2. Effective Tooth Width.—As is well known, the magnetic flux 
between the tooth of one member and the pole-face of the other 
member spreads to a certain degree near the edge of the tooth. Ап 
exact analysis of this dispersion for all the practical forms of teeth is 
next to impossible. Carter has, however, given derivations for some of 
the simpler forms, and the results obtained by him will be utilised as 
far as possible, in other cases approximate methods will be introduced. 
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In considering the dispersion of the flux of one tooth distinction must 
be made between two possible cases. 


I. When the adjacent tooth of the same member is of the same 
polarity as the tooth under consideration. 

2. When the adjacent tooth of the same member has a polarity 
opposite to that of the tooth under consideration. 


Carter has worked out for both of these cases coefficients, by the 
aid of which the effect of the dispersion may easily be taken into con- 
sideration. For the following studies his results may be best utilised 
by introducing an effective tooth width, whereby is meant the width of 
a tooth which would have the same total reluctance under the assump- 
tion of no dispersion. | ` 

This effective tooth width a' may be found from— 


п = АХОЕ ХЕ „е ж.а ж.е С (3) 
VoL. 45. 16 
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where A is the actual tooth width, g is the length of the air-gap 
at one side of the rotor, ¥ is found from the upper curve of Fig. 15 for 
the first of the two possible -cases and from the lower curve for 
the second one. In such cases of partially closed slots, where 


d, < P (see Fig. 21), more exact results will probably be obtained if 


the value 2’, corresponding to the value F r, is taken from the curves 


(see Fig. 15) The effective width of the slot is found, of course, 
from— 


b = 1 — а' • . e. • • • • • . ° (4) 
where / is the slot-pitch. 
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Rotor position Jin terms of tooth pitch. 


FIG. 2. 


-` NO-LOAD CONDITION. 


I. Gap Factor.—The total field induced by a certain number of 
ampere-turns depends, of course, largely upon the effective width of 
the teeth, which determine the effective size of the pole arc. The 
latter changes with the rotor position, and its average is best deter- 
mined by assuming an equal number of teeth in both members. 

The full line (Fig. 2) represents the active pole arc values as derived 
under' the assumption previously made, and in accordance with the 
dimensions indicated in Fig. т, А to Н, while the actual values are pro- 
bably close to those given by the dotted curve. Since the average 
values for the two curves are, however, very much alike, we may derive 
them from the full-line curve. We thus find the average from the two 
figures to be— 


а, =— — 01315 
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If we make a', = c', t and a' = с.і, we get— 
SESE wu xmi wu ow (7 


as active pole arc per tooth. If we have N, teeth per pole, we obtain 
for the active pole arc — 


Y= a. М, xc, CUN, C, Car e. e. e. . ° ° (7) 


where r is the pole-pitch. 

This value has been derived from an equal number of teeth in both 
members. А simple consideration shows, however, that it also applies 
toan unequal number of teeth after the tooth width is expressed in 
terms of the tooth-pitch, as is the case in formula (7). 

The average gap factor is now— 


- 
wur c IL E (8) 

2. No-load Field and Potential for Full-pitch Windings.—The detailed 
derivation of these values is given in the previous paper. It remains 
only to establish certain relations regarding the size of the vectors as 
influenced by the gap factor, number of slots per pole, etc. 

(a) Two-phase Motors.—If the total magnetising effect per phase is 
proportional to C, one side of the square diagram which gives the 
magnetising effect exerted upon the individual teeth (Fig. 3, previous 
paper,* also Fig. 3(b) of this paper) is proportional to C also. 

If we now assume the reluctance of one pole-face with entirely 
closed slot to be R, the reluctance of a pole-face with open slots will 
be R x G, and the reluctance per tooth will be— 


к= Rx G XN: uem oo есж ©) 


The size of the one side of the square diagram representing the 
fluxes in the individual teeth should therefore be proportional to— 


RxGxN,' «© ж б ж е ө êê 


where N, = number of slots per pole in the primary. 

If this be used as a base, we find by a very simple consideration, 
from the figures of the previous paper, that the potential e, induced 
per phase at no load will be proportional to— 


ш 2RG ' 


where w is the number of turns per phase and k a coefficient given in 
the previous рарег.{ 
* Transactions of the American Institute of Electrical Engineers, vol. 27, p. 1376, 


1908. 
Ibid., vol. 27, p, 1386, 1908. 
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(b) Threc-phase—The derivation for 3-phase motors is very similar 
- to that outlined above. If we again assume the magnetising effect per 
phase to be proportional to C, we find the size of one side of the 
` hexagon, which gives the magnetising effect exerted upon the in- 


dividual teeth to be proportional to T and obtain— 


Cxkxw 
OS CRX G^ E Ww dU ne (11) 
3. No-load Field and Potential for Fractional Pitch Windings.— 
(a) Two-phase: The diagram showing the effect of chording the 
primary winding upon the no-load field and the potential have also 
been shown in the previous paper.* The value of the coefficients to 
be introduced on account of the chording have been determined by 
the author from such diagrams.] 
It follows from these figures that the potential induced at no load 
(em) for chorded windings is proportional to— 


<. 


Cxkxcxw (12) 
2 X R X G . e 1 е . . e 
where— | 


. а 
c= sn? ., 
2 


approximately a being the coil-pitch in electrical degrees. 

(b) Three-phase.—In а like manner we find for 3-phase fractional 
pitch windings— 
Cxkxcxw 
————À——M— o... 5. s. 5 5 (123) 


m OC 5 
ў 3x RxG 


ZIGZAG LEAKAGE. 


I. Entirely Closed Slots and Full-pitch Winding — Number of Slots 
the Same іп Both Members.{—(a) Two-phase Motors: In Fig. 3(b) the 
diagram for the tooth magnetomotive forces for the winding of Fig. 3(a) 
is reproduced from Fig. 3 of the previous paper.§ 

Under the assumption of a uniform air-gap reluctance the vectors 
. of the diagram may also be considered to represent the fluxes in the 
primary teeth. According to our definition of the leakage coefficient 
the secondary must be considered to have a resistance equal to zero 
and be in stationary and short-circuited condition, while the leakage 
fluxes are investigated. Under these assumptions currents will be set 

up in the secondary squirrel-cage winding, which reduce all fields in 


* Transactions of the American Institute of Electrical Engineers, vol. 27, p. 1373, 1908. 

1 Electrical World, vol. 52, р. 1342, 1908. 

t The subject matter of this paragraph has been previously published in the 
Elektrotechnische Zeitschrift, vol. 30, p. 25, 1909. A repetition will, however, be advis- 
able here for the sake of completeness. 

§ Transactions of the American Institute of Electrical Engineers, vol. 27, p. 1376, 


1908. 
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the secondary teeth to zero, if we neglect at the moment the effect of 
slot and end connection leakage. This must be {һе сазе because it. is . 
the only possible condition of equilibrium for squirrel-cage winding of 
zero resistance. 

If we assume for a moment a flux passing through any of the rotor 
teeth we know that potentials will be at once induced in the secondary, : 
and currents will be set up which counteract this flux and reduce 


Phase ð а b a 
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ххх хх ххх хх» 
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FIG. 3. 


it to zero. It follows, therefore, that the magnetomotive forces. 
impressed by the rotor currents upon the rotor tecth must be such that, 
assuming the stator to be without current, they will induce fluxes in 
the rotor teeth equal and opposite to the fluxes which the stator. 
current sends through the rotor teeth, while the rotor is without 
current ; or, in other words, the effect of the stator and rotor currents 
upon the rotor teeth must be equal and opposite to each other in order 
to reduce the flux to zero, while the currents in both members are 
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flowing. Fig. 4—corresponding to Fig. 3(a), a 2-pole winding—shows 

stator and rotor with eight slots per pole. | 
The rotor teeth are assumed to be shifted an angle x against the 

stator teeth. Let us now consider, for instance, the rotor tooth т’. 

While there is no current in the rotor, this tooth receives from tooth 1 

a part f, of flux т and from tooth 2 a part f, from flux 2—see Fig. 3(5). 
We find from Fig. 4— 


and— 


The resultant —1’ of f, and $, represents, then, the flux of the rotor 


tooth 1' under the assumption of no current in the secondary. 


The vector 1’, being opposite and equal to —1’, represents there- 


fore, as outlined before, the flux which would be induced by the rotor 
currents under the assumption that no primary currents are flowing. 

Introducing the corresponding change of scale, the vector 1' may 
also be considered to represent the magnetomotive force impressed 
upon the rotor tooth 1' by the secondary currents. It is now possible 
to determine the resultant magnetomotive forces acting upon the 
air-gap between B and C, and betwcen C and D (Fig. 4). 

We see from Fig. 3B that the magnetomotive force acting between 
B and C is the resultant B C of the vectors T and T. 


. * A line over any figure is intended to indicate that the figure represents the 
‘corresponding vector, 
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The magnetomotive force between C and D is the resultant C D of 


the vectors 2 and 1’. 

The size of this resultant magnetomotive forces can be easily deter- 
mined from the figure. We have found before that one side of the 
square diagram representing the magnetomotive forces is equal to 


C. One division of the square side is therefore proportional to ND 
I 
since each side is divided in Ne divisions. 


The size of the vector BC follows, therefore, from a simple 
geometrical derivation to be— 


and similarly we find— 
== 2C._t—«x 
CD = N = » 


X 


The reluctance per tooth for entirely closed slots is— 
Roc R x Na | 
The reluctance between B and C therefore— 


ETE 


o R x N: хт, 


and that between C and D— 


oc RxN,x/ 


X 


The size of the flux a passing between B C is therefore— 


BC 2С 
а= аек EE GL Ss ee, re vi— i) * ۰ * е (14) 
RxN,x. £L. RXNexi ( 


{—х | 
and the flux a' passing between C and D may be found to be— 


а' = ~~ = xix (et) . . . . (15) 
RxN,x— , | | 
X 

Both of these fluxes are shown in Fig. 3(c) in somewhat larger scale. 

We see that a = —a'. This, of course, must be the case, since, 
according to our previous considerations, the flux in the tooth 1' must 
be zero, while the currents in both members. are active. If the samc 
investigation is repeated all round the air-gap it will be found that 
there are altogether four fields—a, b, c, and d—of equal size flowing 
These fields are indicated by dotted lines in Fig. 4. 

In order to show how these fields are located in relation to the 
windings of the two phases, the conductors of the two phases are 
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marked differently (Fig. 4). The fields а and c are of equal phase, 
while the fields 6 and d are shifted 90° against a and b. 

The average values of the leakage fluxes for various rotor positions, 
that is various values of x, follows from the simple integration— 


à [4 ` 
m 2C — y? == В $ 
me = piss | et "ds BNE RX NRA G з) 
SONI А e Й " е ° e. e (16) 


| | t ur 
The maximum value for a occurs when x — > and is— 


C 
Oma = X NSXHE "ZEE PE" (17) 


The potentials induced by the fluxes a, b, c, and d, are, of course, 
proportional to the fluxes and to the number of turns per coil, and lag 
90? behind the fluxes. These potentials are shown for the various stator 
coils in Fig. 3(d). 

The resultant vector of this figure represents the potential e,, while 
the corresponding vector of Fig. 4 of the previous paper * represents 
the potential е,„. 

Since in the case under consideration the two eqval fields a and c 
interlink with all the turns w of one phase, the potential induced by the 
zigzag fluxes is— 
2Cw 


EOS Ne XR O° WA CECI» d» v» (18) 


and the zigzag leakage coefficient follows to be— 


(I T ушу. cou qeu aso deci X9) 

(b) Three-phase.—After having treated the 2-phase case much іп 

detail, the full-pitch 3-phase case may be disposed of very briefly. We 

find in this case, again, one flux going round each phase belt, only we 
obtain six different fluxes, since there are six phase belts. 

The following value for the zigzag leakage coefficient is obtained:— 


о,=-*=—3— ........ (20) 


2. Open Slots and Full-pitch Windings—Number of Slots the Same іп 
Both Members.—While it has been found advisable to deal in the pre- 
vious paragraph with the ideal case of an entirely closed slot, in order 
better to bring out the simplicity of the fundamental phenomena of 
UE zigzag 1ахаре we will now deal with the influence of the slot 


* T таза нона of the А merican ‚ Institute of Electrical Engineers vol. 27, P. I 377, 1908, 
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openings. The dispersion of the fluxes must, of course, be taken into 
consideration. 

It appears from Fig. 4 that the zigzag flux is going always from the 
edge of a certain tooth of one member to the other member, and from 
there back to the adjacent edge of the next tooth of the first member. 
We may thus consider two adjacent teeth as poles of opposite polarity, 
and may find the effective tooth width from the lower curve of Fig. 15 
when considering the zigzag fluxes. Assuming at the present that the 
effective dimensions given in Fig. 1 are found this way, the said figure 
may serve also for the consideration of the zigzag leakage. It appears 
at once that zigzag fluxes are only possible while the rotor occupies 
positions between that of Fig. т, D and F. We may also use the 
diagrams of Fig. 3 for the present considerations, since nothing but 
the reluctance has changed, and therefore the scale for the flux vectors 
has changed. If this difference is taken properly into consideration, 
and the further derivations are carried through in a way similar to the 
one previously outlined for entirely closed slots, we obtain the following 
results :— 

а, — b, 2Cw 


GO XSNSRC жое torn Q0 
and— i 
ئگ‎ __ a,— b, 4 CIE 4 
=, EE 1 Кез бте) х NAR (22) 


The effect of the slot opening in 3-phase motors is, of course, the 
same as in 2-phase motors. 

The influence of the size of the slot openings upon the zigzag 
leakage coefficient may be seen from Fig. 19. The value for entirely 
closed slots has been assumed in this curve to be one; four curves for 
different air-gaps have been figured from the above formula and plotted 
in terms of the primary slot opening. These curves show that the 
zigzag leakage coefficient decreases as the slot opening increases. It 
should not be concluded from this, however, that a wide slot opening 
is desirable. Most of the other parts of the total leakage coefficient 
increase with the size of the slot openings within the customary limits, 
and their increase more than counterbalances the decrease of the 
zigzag coefficient. 

3. Entirely Closed Slots and Fractional Pitch Winding—Number of 
Slots the Same in Both Members.—(a) Two-phase Motors: It is at once 
obvious that the influence of the slot openings and the rotor position is 
for this case the same as for the 2-phase full-pitch windings. It will 
therefore be sufficient to investigate here the magnetomotive forces 
and fluxes. As instance for the derivation we may choose again a 
2-phase winding with 8 slots per pole, but a pitch of 135 electrical 
degrees, as shown in Fig. 5(a). A diagram representing the magneto- 
motive forces in the primary teeth is reproduced in Fig. 5(b) from Fig. 21 
of the previous paper. If we determine in this diagram, as previously 
done in Fig. 3(5), the fluxes entering, for instance, the secondary tooth 7’, 
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we obtain again, as before, a flux c which is of the same size and 
amplitude as the flux a found before for tooth 1’ in case of the full-pitch 
winding. If we investigate, however, tooth 5' in the same manner, we 
find a flux f, which is shifted 45° and in size only = 4/2 с. After deter- 
mining the fluxes all around the pole-face, we obtain altogether eight 
fluxes, a, b, c, d, e, f, g, and h, as shown in Figs. 5(c) and 6. In order to 
show the relation between the windings of the two phases and the 


Phase «a б @ $ 


Coil “1234123456785 67 


Tooth 91? 


FIG. 5. 


fluxes, the conductors of the two phases are again marked different 
The potentials induced are now easily found. The flux c, for instance, 


induces in the coils—see Fig. 5(d)—3a and 4a a potential а= с; Ње 


flux f induces іп the coils та and 2a a potential f, = я f, etc. 


By adding all the potentials induced in one phase we obtain the 
total potential e, induced per phase. We may derive, however, more 
directly as follows: It appears directly from Fig. 6 that the fluxes a 
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and c interlink with Е turns of phase a, and therefore induce a 
potential proportional to = (a + с). The fluxes е, f, g, and h interlink 


each with А turns of phase a, and induce potentials proportional to 


10 
— е, 


w 
— f, etc. 
4 4^ 


Since these potentials are equal in size and shifted 9o? against each 


Fic. 6. 


other, cach two of them combine to a resultant potential oc J27 e, 


and the total potential induced per phase follows to be— 
w -w 
e= z(a + с) + /2 z^ 


Similar results will be obtained for any coil-pitch between 9o and 
180 electrical degrees. There will be always eight fluxes. The fluxes 
a, 6, c, and d surround those slots which contain conductors of one 
phase only, while the fluxes e, f, g, and / surround those slots which 
contain conductors of both phases. Since the fluxes e, f, g, and л are 
45? shifted against the fluxes a, b, c, and d, and since e and g and f and 
h are 90° apart respectively, it appears at once that the resultant effect 
of each of the two fluxes e and g and f and h upon the phase a, for 


I I I I 
instance, is proportional to E 2 Í, a g, and Ja h respectively 
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The number of turns surrounded by any of the fluxes is also easily 


determined. If a is the angle of the coil-pitch, the phases overlap 
(т — а) degrees, while each individual phase alone is active over 


(a — z) degrees. Since the total turns of one phase fill the slots over 
> circumference, the turns surrounded by one of the fluxes a, b, c, and 


d are == (a =) and the total turns surrounded by one of the 


fluxes e, f, g, h —— (r — a). 


FIG. 7. 


The resultant potential induced per phase is therefore— 
2 T I w 
€, ОС — (a — Z) (a + c) ur c иы Tite a. 


or, since it appears at once from Fig. 6 that — 


a 
а=с апа e= f= g = hl = —, 

/=& E 
we obtain— 


r=" х 4wa б жж A o ee (23) 
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If we introduce now the air-gap reluctance, etc., as previously done, 
for the full-pitch winding, we obtain— 


a(a,—b) 4C 
т 1 3N;2R'"^ E. E" (24) 


gz = 


and thc zigzag leakage coefficient follows to be— 


O; = 


006 +61) Nah ° E 
т sin? = 


In this formula the first member considers the influence of the frac- 
tional pitch, the second the influence of the slot openings, and the 
third member is the value found for full-pitch windings and entirely 
closed slots. | 

Conditions for pitches of less than 9o? are somewhat different. We 
obtain in this case only the fluxes c, f, g, and Л, as indicated in Fig. 7. 

Proceeding, however, in a similar way as outlined for the previous 
case, we obtain the same expression for о, as given in formula (25). 
This value applies, therefore, for all 2-phase primary windings in 
combination witn a squirrel-cage secondary of an equal number of 
slots. 

(b) Three-phase.—For 3-phase fractional pitch windings conditions 
are in principle as simple as for 2-phase. Conditions are different 
from the 2-phase case only in so far as we have to distinguish between 
three different possible conditions, and, in contradistinction to the 
2.phase case, they lead to three different expressions, which are as 
follows :— 


I. For pole-pitches between r and % r— 
т + 3а = T'S 
O; = "P С (Cr + с, 1) Nak 
2. For pole-pitches between 3 r and 4 r— 
6a — 


=” G (o + ®— gg 0. . (27) 


б: = 


3. For pole-pitches between 4 r and o— 


35 G( +оо т) gs 0. 5. . (28) 


0; = 

т тс 

(c) Comparative Notes.—' The relative merits of 2- and 3-phase wind- 

ings and the various possible coil-pitches appear at once from Fig. 17. 

The curves shown there give the relative values of the leakage coeffi- 

cients for any number of slots for 2- and 3-phase windings in terms of 

the coil-pitch as obtained from the above formula. Since most of the 

other parts of the leakage coefficient are similarly affected by the 

number of phases and the coil-pitch, these curves are a pretty good 
criterion for the cases covered by them. 
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4. Entirely Closed Slots and Full-pitch Winding—Number of Primary 
Slots larger than Number of Secondary Slots.—In the previous paragraphs 
the zigzag leakage for an equal number of slots in both members has 
been considered much in detail, for the reason that this case gives the 
clearest conception of the phenomena. In practice the number of 
slots are, however, different from each other, and it remains to investi- 
gate this more general case. | 

Let us consider first the case in which the secondary number of 
slots is smaller than the number of slots in the primary. The various 


Fic. 8. 


possible relative locations of the primary and secondary slots are shown 
for such a case in Fig. 8. 

It appears at once from this figure that two distinctly different 
conditions are possible in the case under consideration. 


I. While the rotor is in positions between A and C the rotor 
tooth 2’ is under the influence of three stator teeth—;.e., the 
teeth т, 2, and з. The same condition ех sts while the 
rotor is in positions between E and G. 

2. While the rotor is in position between C and E the same rotor 
tooth 2' is under the influence of the two stator teeth 2 and 


3 only. 
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The first condition may be considered separately—for instance, 
under the assumption of a 2-phase motor wound full pitch. Fig. o(a) 
may represent for such a motor a segment of the diagram of the 
primary tooth fluxes, and the vectors 1, 2, and 3 may be assumed 
to represent the fluxes of the primary teeth 1, 2, and 3 of Fig. 8, 
while there is no secondary reaction. The total flux, which enters 
the secondary tooth 2', in this case may be found by simply 
d — 


T, the vector 2, and the vector 


j= 37 7 to the resultant vector —2 —2'. Then we find equal and opposite. 


combining the vector p, =I 


to —2 the vector 2', which represents the flux leaving the tooth 2 
under the assumption that the secondary currents are acting alone. 

If we assume now the scale of the magnetomotive forces to be 
such that the vectors т, 2, and 3 may also be considered to represent 
the magnetomotive forces of the teeth r, 2, and 3, we find the vector 
for the magnetomotive force of the secondary tooth 2' to be— 


We find now the following resultant magnetomotive forces acting 
upon the various portion of the air-gap :— 


I. Between I. and II. (Fig. 8, position B) the resultant I-11. of 


the vectors т and 2, (Fig. ga). 
2. Between 1 II. and III. the resultant II.-IIl. of the vectors 2 


and 2. s 
3. Between III. and IV. the resultant III.-IV. of the vectors 3 
and 2. 


The size of the vectors follows from a 'simple geometrical calcula- 
tion based upon Fig. 94, if we remember that the distances 1-2 and 2-3 


have been previously found to be proportional to те; 


N, 
We find— 
oes. ES I 
1.-1. = 7 (: ~7 (d— 22)) 
—— 2 
11.-111. = у z (d— 2a). 
— I 
II1.-1V. = N, 3 (d — 24)) : 
The reluctances are as follows :— 
I. Between I. and II. proportional to R N,- UM im 


2. Between II. and III. proportional to R N,. 
3. Between III. and IV. proportional to R N, а. 
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From the above magnetomotive forces and reluctances the fluxes 
follow directly. The flux between III. and IV. is, for instance— 


2Cx ( 


“RN 


—i(d—2 х)) . 

P 

Similarly may be found the fluxes a and b. In order to show the 
relative size of the three fluxes io: are shown in a larger scale in 
Fig. 9B. 

In accordance with our previous assumption, we find again that the 
total flux a entering the top of tooth 2' equals to the total flux b + c 
returning from this tooth to the stator. The flux values found above 
apply for all rotor positions, for which x is of value between o and 
l— t =d. 


FIG. 9. 


It remains to investigate now the fluxes for the rotor positions, for 
which x assumes values “between d and l 2 (see Fig. 8, position C to E). 


We start out again with the fluxes 1, 2, and 3 in Fig. IO. 
The total flux entering the secondary tooth 2', while there is no 


current in the secondary flowing, is the resultant — 2' of the vectors— 


Boi p 


The further derivation of the diagram is obvious from Fig. то and 
the previous case. We find the flux— 


_ 2С (2—1 n 
C= RNA, t z”) б ж ж AO رھ‎ 100) 
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While the rotor is in positions between position E and G, shown in 
Fig. 8, conditions are the same as for the positions between position A 
and C. These positions may therefore be taken into account by simply 
doubling the expression found for the first condition. The average 
value for the flux c follows now from the following integration— 


Gre WET а 0 —i4) )-i9e [€ 19) 


319 —611?--61?1, —2 С 


Е ERE co oN Eos roe Ано) 
If now— 
“= К and therefore L= Кі, 
we get— B 
TR UR ое 
and— 


4 3K3—6K?+6K—2 
"UO Po CE ee (32) 


с. = 


It should be noticed that the first of the two factors of this expres- 
sion is the same as found for an equal number of slots, and that there- 
fore the second factor takes the influence of the decreased number of 
secondary slots into account. | 

The last few equations have a rather complicated appearance. 
This, however, should not be laid against the graphical method. It 
should be borne in mind that this method has given for the above 
derivation a clear picture (see Figs. 9 and ro) of the conditions for each 
of the possible positions of the rotor tooth, and has made it possible to 
study the complicated phenomena in a fairly simple manner. The fact 
that the fundamental conditions change materially, while the secondary 
slots occupy the various possible positions, and that therefore the 
different conditions have to be considered separately cannot be helped 
by any method. It is on account of this fact that the determination of 
the average value [formula (30)] calls of necessity for the integration of 
several separate members. 

5. Entirely Closed Slots and Full-pitch Winding—The number of 
Primary Slots is smaller than the Number of the Secondary Slots.—In this 
case each secondary tooth is never under the influence of more than 
two primary teeth, as will be seen from Fig. rr. The fluxes impressed 
upon the secondary tooth 1’ are, while there are no secondary currents 
flowing (see Fig. 12)— 


c > 
Р. =1 77 * and fı = 27° 


VoL. 45. 17 
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By further proceeding as outlined in the previous cases we obtain— 


с. 14 4 
o= Nak Км Ө. Row өш AC e (33) 

6. Open Slots and Full-pitch Windings—Number of Primary Slots 
is different from the Number of Secondary Slots.—The influence of an 
unequal number of primary and secondary number of slots is in case of 
open slots somewhat different from what has previously been found for 
closed slots, A number of different conditions depending upon the 
relative size of primary and secondary slot openings and tooth-pitch 
are possible. The investigation of these various cases naturally leads 
to formula which are too elaborate to be of great practical value. 
Since, moreover, each particular case may be easily considered in a 


t, 
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7 
B o Ө ү 7 2 o? о e 
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FIG. II. FIG. 12. 


manner quite similar to that outlined before, the investigations for these 
cases may be omitted. 

7. Fractional Pitch Windings—Number of Primary Slots is different 
from the Number of Secondary Slots.—The magnetomotive forces of the 
zigzag leakage are, of course, independent of the secondary number of 
slots. Consequently the influence of fractional pitch windings in the 
primary may be taken into account by the factors determined for an 
equal number of slots in both members, no matter what is the ratio 
between primary and secondary number of slots. 


SLOT AND LEAKAGE. 


After having treated the zigzag leakage much in detail, the primary 
slot leakage may be disposed of very briefly, since it is in its general 
characteristics very similar to the zigzag leakage. Let us again start out 
from a full-pitch 2-phase winding as shown in Fig. 3(a). The diagram 
for the magnetomotive forces in the primary teeth is reproduced 
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in Fig. 13. The magnetomotive force across each slot may be found 
therefrom by simply subtracting the magnetomotive forces of the 
adjacent teeth from each other. Thus the magnetomotive force 1-2 
across the slot between the teeth т and 2 may be found by adding to 
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the vector I a vector which is equal and opposite to the vector 2. We 
see that the vectors 1-2 equals one of the divisions of the square 
diagram for the magnetomotive forces, that is, it is proportional 
2C 


to N, 


FIG. I4. 


The flux a across the slot is therefore proportional to TP if R, is 
the reluctance across the slot. By investigating the fluxes for the other 


slots we find again four fluxes, a, b, c, and d (see Fig. 14), as in case of 


- 
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the zigzag leakage (compare Fig. 4). The zigzag and slot leakage 
fluxes are only different in so far as the former pass through the air-gap 
and the top of a secondary tooth from one primary tooth to another, 
while the latter pass directly across the slot from one tooth to the 
other. The effects of the two fluxes are therefore very much alike. 

We find the potential induced by the slot fluxes in one of the phases 
proportional to— 


and the slot leakage coefficient follows to be— 


|| 8RG iun 
iu ру LE 34 


It is customary to introduce instead of R, the so-called slot con- 
stant — 


ge e re (89) 


where L is the width of core of the motor. We may, moreover, 
introduce— 


E 
RCH... ee n (86 
and obtain— 7А 
— 989: Я 
с = N,- k for 2-phase MACHINES ioo uk сй cw G 
Similarly we obtain— 
S, G А 
e, = и for 3-phase machines . . . . . (38) 


where g == аіг-рар on one rotor side and r = pole-pttch. 

In case of fractional pitch windings distinction should be made 
between slot fluxes which interlink with all conductors in one slot and 
fluxes which interlink only with part of the conductors. The latter 
are more or less out of phase with the former, and for the derivation of 
an exact formula this should be taken into consideration. In practice the 
influence of fluxes which interlink only with part of the conductors of 
one slot is comparatively small, and the error introduced by assuming 
that they have the same phase as the fluxes interlinking with all the 
conductors of one phase is therefore negligible for all pitches which 
are generally used in practice, excepting possibly cases where the 
number of slots per pole is exceptionally small. 

Assuming that the above approximation is justified, it is at once 
obvious that the effect of reducing the winding-pitch must be in the 
case of the slot leakage the same as in the case of the zigzag leakage ; 
therefore the factors previously determined for the zigzag leakage may 
be used also for an approximate calculation of the slot leakage. 

Although it has been found inadvisable to give in the present paper 
a complete analysis of the leakage phenomena, it has been sufficiently 
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demonstrated that the graphical method lends itself readily for the 
investigation of almost every problem arising in connection with the 
study of the leakage fields. The only exception is the end-connection 
leakage, which therefore has been omitted from the main body of this 
paper. The Appendix gives, however, a formula for the same, which 
has been found sufficiently exact for practical use. Since the so-called 
belt or differential fluxes are frequently classed among the leakage 
fluxes on account of the fact that they influence the performance of the 
motor in a way very similar to that of the leakage fluxes, the author 
has given also a short formula for the determination of these fluxes in 
the Appendix.* 


APPENDIX. 
I. PRIMARY ZIGZAG LEAKAGE. 


The primary zigzag leakage coefficient of a squirrel-cage motor may 
be quite generally expressed by the following formula— 


ks ko kek 
o= Nak ` Eo wo w Ж Del th Ж (39) 


where— 

N, is the number of slots per pole in the primary. 

ks a coefficient depending upon the ratio of the number of 
secondary slots to the number of primary slots. 

ko a coefficient depending upon the size of the slot openings. 

Ё, a coefficient depending upon the throw of the primary 
coils. 

ky a coefficient depending upon the number of phases in the 
primary. | 

k a coefficient depending upon the number of slots and the 
number of phases in the primary. 


We have found for entirely closed slots— 


p TON OK? 4e deu чё ae (ДО) 
for— 
= K > І [compare formula (32)], 
and— | 
Ке = Kos ty. no komen оё. XL) 
for— | 
Е = K <1 [compare formula (33)]. 


N, is the number of slots per pole in the secondary. 


* A short qualitative treatment of the belt or differential fluxes is given in 
Electrical Review and Western Electrician, vol. 54, p. 32, 1909. The derivation of 
the formula given for the differential fluxes is given in Elektrotechnische Zeitschrift, 
vol. 30, p. 841, 1909. 
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The values 


. These values apply also approximately for open slots. 


-— by curve А in Fig. 16. 
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of k, are given for all practical values of 


FIG, I5. 
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The value of & for an equal number of slots in primary and 


secondary has been found to be— 


. (42) 


ko= G (c + c— 1) [compare formula (22)] . 
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where— 
a, A, + 22,8 
c = > == SS 
^ ^ (43) 
e ELI LL 43 
G= 7 = کد‎ 
[А la ; 
I 
SA TE (44) 


g =air-gap clearance on one side of the rotor. 
A, == width of primary tooth top. 

A, == width of secondary tooth top. 

č, is found from the lower curve of Fig. 15 for = 


£, is found from the lower curve of Fig. 15 for = 


B, = width of primary slot opening. 
B, = width of secondary slot opening. 


The values for с, and c', are found from the same formule as c, and 
ca, except that the values £, and £, are replaced by the values £', and £';, 
which are found from the upper curve of Fig. 15. 

The above formula for determining & will also give practically 
correct values, when the number of secondary slots is different from 
the number of primary slots, and the difference is within the usual 
practical limits. 

The value for k; may be found from the following formulae :— 


(a) Two-phase Windings. 


а 
ume sin? * [compare formula (25)] . . . (45) 
2 
(b) Three-phase Windings. 
zu X d 
m ‚ „а for а=? mto r. (46) 
4 7 Sin 5 3 
k = ба—т 
кт ~a for a=} т іо 2 т. . . . (47) 
Qao 3 3 
ERA M 
Ac ca dur eso dd dra deua GD 
47 sin? = 3 


[Compare formule (26), (27), and (28). ] 


a = the angle of the coil throw (pitch) in electrical degrees, and may 
be found from— 


N 
as gf I80 ....... 009) 


N, = the number of teeth surrounded by each primary coil. 


264 HELLMUND: GRAPHICAL TREATMENT OF THE 


The values for k, are given by the curves of Fig. 17, and may be 
taken directly from said curves. 
The value of k, has been found to be— 


Ё, = ; = 1:333 for 2-phase windings [compare formula (19)], 


and— 
„= == 1'500 for 3-phase windings [compare formula (20)]. 
The values for k may be found from the curves of Fig. 18, which is 
reproduced from Fig. 15 of the previous paper.* 
The calculation of the zigzag leakage is now reduced to the multi- 


plication of a number of coefficients, which, with the exception of the 
coefficient Ro, may be taken directly from curves. 
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Since, in practice, the slot openings of the secondary and the slot- 
pitch vary comparatively little, approximate values for k, may be found 
from the curves of Fig. 19. 

The curves given there are all figured for a secondary slot opening 
- 151. A change of this dimension within the customary limits does 
not affect the results, however, to any appreciable amount. 

Further simplifications may be obtained as follows: If we intro- 


duce for k, for values of M « I the same expression as found for 


M > I, we obtain values as shown by the dotted line B in Fig. 16. 


‘It will be seen that for all practical values of the slot ratio this 
dotted line is not very far distant from the exact line, and it seems 


* Transactions of the American Institute of Electrical Engineers, vol. 27, p. 1387, 
1908 
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therefore justifiable to use for standard cases the simple expression 


found for Е > І for cases where x is smaller than 1 also. 
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We may then omit the coefficient k, entirely by introducing for №, 
the product N,N, The formula for the primary zigzag leakage 
coefficient reads, then, as follows :— 


ko kik 
“= GG 000500 69 
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2. SECONDARY ZIGZAG LEAKAGE. 


It follows from the consideration of this paper that a secondary 
zigzag leakage does not exist in case of a squirrel-cage rotor of zero 
resistance. The test in practice cannot be made, however, for this 
ideal condition, and it may be shown that when the secondary 
number of slots is larger than the primary, certain secondary zigzag 
fluxes are possible when the secondary resistance is different from 
zero. These fluxes are, however, very small, and will, in most cases, 
be sufficiently taken into account by slightly increasing the value 
found for the primary leakage. 

If we introduce an allowance factor ka = 1°05 into the formula for 
the primary zigzag leakage, the same will, for cases where N, > N, take 
the influence of secondary zigzag fluxes, which may affect the actual 
test results sufficiently into account ; for cases where N,< N, the 
allowance coefficient will take care of the fact that the actual values for 
k, are slightly larger than obtained from formula (50) (see Fig. 16). 


3. TOTAL ZIGZAG LEAKAGE. 
The total zigzag leakage coefficient may therefore be found from— 


ka ko ks kg 
NNE 0000005 69 


From Fig. 18 it will be seen that the coefficient Ё is practically 
constant for all customary numbers of slots per pole; the error intro- 
duced by setting— 


O; = 


k = 0:665 for 2-phase,* 
k = 0'838 for 3-phase, 
is very small, 
We may now combine the four coefficients, Ra, ke kp, and k, into 
one— 


the values for which may be found from Fig. 20. 
The total zigzag leakage coefficient is then— 


ko Ky | 
xi m S иним (52) 
This formula is very simple and practically correct; its use in 


practice may therefore be recommended. 
For less correct calculations we may set— 


Oz 


ko = 0'92 for partially closed slots in both members. 

k, = 0°85 for partially closed slots in the rotor and open slots in 
the stator. 

К, = 2°00 for 2-phase windings. 

K, = 1°83 for 3-phase windings (see Fig. 20). 


* See Electrical World, vol. 52, p. 1343, 1908. 
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We obtain, then, the following approximate formule, for which no 
curves are required :— 


i for 2-phase, partially closed slots in | 
both members 


. + (53) 


for 3-phase, partially closed slots in | 
both members 


soe ee (54) 


for 2-phase, partially closed slots in 
rotor, and open slots in stator 


. (55) 


for 3-phase, partially closed slots in 
rotor, and open slots in stator 


а 

Ll 

| 
=ч 
8 


. . (56) 


80° 


The zigzag leakage in motors with a wound secondary is slightly 
different from that of a squirrel-cage motor. The above formule are, 
however, for practical purposes, close enough for the wound secondary 
case also. 

The above formulz have been derived for windings with two coils 
per slot. They will also apply for full-pitch windings with one coil per 
slot. For fractional pitch windings with one coil per slot the leakage 
will be larger. This is on account of the fact that with the reduction 
of the pitch the effect of the main flux decreases proportional to— 


I 


’ 
т а 
sin? — 
2 
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while the zigzag fluxes do not decrease at all. For these cases the zig- 
zag leakage coefficient may therefore be found by figuring it from the 
above formule for full pitch, and multiply these values with— 


I 


` a 
sin? ~ ° 
2 


4. PRIMARY SLOT LEAKAGE. 
The primary slot leakage coefficient may be expressed by the 
following formula :— 


kk, g GS, 
i= CU e RU "wo e ا‎ a BT) 


FIG. 2I. 


where— 


k, = a coefficient depending upon the coil- рең [see formula (45) 


to (49) and Fig. 17]. 
k, — a coefficient depending upon the number of phases. 


We found— 


К, = 8 for 2-phase windings [compare formula (37)]. 

k, = 9 for 3-phase windings [compare formula (38)]. 

k =a coefficient depending upon the number of slots per pole 
and the number of phases (see Fig. 18). 

r = the pole-pitch. 


(For G, g, and N, see under zigzag leakage.) 
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We find the slot constant from the following formulz :— 


едд (Fig 2) . . (58) 

Ss. = 5 + zB, t (59) 
or approximately from— 

S, = =. + DIOE (Fig.21).. . . . . (60) 

S,— =n E d: (Fig, 22). ИС 


These formulz are different from the customary expressions іп two 
respects :— 


I. The value d, has been introduced in case of the open slots. 
It will be remembered that in figuring the zigzag leakage 
the dispersion has been taken into account ; that means, 
that the lines L leaving the tooth sides have been taken 
into consideration in connection with the zigzag leakage. 
We must therefore subtract a certain amount from the slot 
sides when figuring the slot constant. Approximate values 
for this amount to be subtracted may be taken from— 


d, —.3B,—.6g. 


In case of partially closed slots this subtraction does not need 
to be made, since the dispersion of the lines as shown at M 
in Fig. 21 will cause an increase of slot flux, which ap- 
proximately counterbalances the above decrease. 

2 'The coefficient c has been added in the formula for S. It 
is intended to take approximately into account the effect 
of the eddy currents, which are induced by the slot leak- 
age fluxes in the conductors, and which counteract the 
slot leakage fluxes. It will not be attempted here to give 
correct values for c. Probably c is slightly smaller than 1 
for small wire ; between 0'95 and o'go for heavy wire, and 
between 0°75 and o'9o for straps and bars, depending upon 
their thickness and depth. 


The formula for the slot leakage may again be simplified by com- 
bining the coefficients A, ky, and k into one— 


ri E 


The values for К, are given in Fig. 23. 
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. We have now the primary slot leakage coefficient— 
бух; = NOR LEXIC c-r (63) 
For approximate calculations we may again assume К, to be con- 


stant, and write— 
105265 


gi. = CUNG for 3-phase IPC ^ (64) 
IDI'5gGS, 
Os = S {ог 2-phase . . . . . . (65) 


It is a matter of course that simplified values for S may be intro- 
duced for any particular type of slots. 
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FIG. 23. 


For fractional pitch windings with one coil per slot the slot leakage 
may be found, as in case of the zigzag leakage, by calculating the same 
for a full-pitch winding as outlined above, and multiplying the value 
thus found by— 

I 


. а 
sin? - 
2 


5. SECONDARY SLOT LEAKAGE. 


The formula for the secondary slot leakage is theoretically some- 
what different from the primary, and in squirrel-cage rotors partly 
dependent upon the secondary resistance. The formula given for the 
primary slot leakage are, however, in practice close enough for the 
secondary slot leakage coefficient o,s also, if N, is introduced for N, 
and the secondary slot constant instead of the primary. 
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6. BELT OR DIFFERENTIAL LEAKAGE. 


This part ofthe leakage has been treated by the author in an 
article,* and two curves for its practical calculation are reproduced 
from there in Figs. 24 and 25. We may distinguish between a primary 
and secondary differential leakage coefficient. The primary coefficient 
ey; for a full-pitch winding may be taken directly from Fig. 24, corre- 
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FIG. 24. 


sponding to the number of slots per pole in the primary. For fractional 
pitch windings this value has to be multiplied with the value found from 
Fig. 25, corresponding to the primary pitch of winding. In case of a 
wound secondary the secondary coefficient og is to be found in a 


* 


А d (Fractional pitch) 
Ratio of #4 (Full pitch) 


Coil-pitch in electrical degrees. 
Fic. 25. 


similar way, by reading the values corresponding to the secondary 
number of slots, number of phases, and coil-pitch. In case of a squirrel- 


cage secondary the secondary differential leakage coefficient may be 
set at zero. 


* Elektrotechnische Zeitschrift, vol. 30, p. 841, 1909. 
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7. END CONNECTION LEAKAGE. 


The end connection leakage problem is so complex that its exact 
mathematical determination is almost impossible. The writer has 
found it practicable, however, to find the primary coefficient form— 


UU PE 


Ore = P 
l r sin? - 
2 


L is the length of the end connections, / is the effective width of the 
air-gap or approximately the width of the iron core, C is a factor 
depending upon the style of winding employed. 

The secondary end connection coefficient c, is formed from the 
same formula by introducing C, L, and a, corresponding to the 
secondary winding. In case of squirrel-cage secondaries L is to be 
made equal to the pole-pitch r, plus twice the length of the bar ends 
extending outside of the core, and the angle a= 180°, therefore 


А а 
sin? 2 = I. 


The factor C varies largely with the style of winding em- 
ployed, and is influenced by a large number of details of design, 
as has been pointed out in detail by the author in a previous article.* 
It should therefore be determined by test for each style of winding. 
This is easily possible from any standard factory test, made for deter- 
mining the total leakage coefficient, if the primary type of winding is 
similar to the secondary winding. In this case C may be assumed to 
be equal for both members, and it is therefore the only unknown 
quantity in the equation for the total leakage coefficient. After C is 
known for a certain style of winding, this type of winding may be 
tested in combination with another type of winding in the other 
member—for instance, a squirrel-cage winding and C may be deter- 
mined for the other type of winding. 

For the form-wound coils, which are usually employed in connection 
with open-slot motors, C has been found as given in the following 
table :— + 


No. of Poles. C. 
ID EE мш мш жшт ӨДБ 
4 due es ied b. See 10056 
6 em s js is m 0°60 
8 Em es 16; jd ss 0°70 
IO $us Te à ۳ ке 0'75 
12 E s 2s «is Т 0°78 
I4 we Bie site ко ТР 0°80 
16 sas ud id bs ius 0°83 
18 -— de X ae dt 0°85, 


* Electrical World, vol. 51, p. 179, 1908. 
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For the concentric winding usually employed in Europe C has been 
found to be 40 to roo per cent. higher, but no reliable data are at hand. 
For squirrel-cage windings C has been observed to be between o'4 
and 0:5. 


8. ToTAL LEAKAGE. 


The total leakage coefficient may now be found from— 


AT 
a == (es + б, + Oas + Oia F Oaa + Ou + oa) RE (67) 
A T,= total ampere-turns. 
A T, = ampere-turns required for the air-gap. 


The above is only correct under the assumption that the reluctance 
for the leakage fluxes in the iron is practically zero. "This assumption 
is always justified for currents corresponding to the normal running 
currents of the motor. The writer has explained in an article * on the 
“ Practical Testing of Induction Motors,” that it is justified to make the, 
short-circuit test with currents of about that size, and if this is done 
the above formula will give results which check very closely with the 
results found from test. 


* Electrical Review, N.Y., vol. 50, p. 108, 1907. 
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ORIGINAL COMMUNICATION. 


THE ARRANGEMENT OF EXPERIMENTAL ELEC- 
TRICAL CIRCUITS FOR LABORATORIES. 


By W. P. STEINTHAL, M.Sc. Associate Member. 


(Received December 30, 1910. Revised April 28, 1910.) 


The question of the equipment of laboratories for experimental 
work as regards the distribution of electric current first came to my 
notice some ten years ago when Professor Arthur Schuster commis- 
sioned me to prepare a scheme for the new Physical Laboratories 
about to be built for the Manchester University. Atthat time there 
was no physical laboratory in this country in which any elaborate 
system of distribution had been adopted. It was therefore considered 
advisable to see what was being done on the Continent, and for that 
purpose the then recently completed Electrotechnical Institute in 
Darmstadt was selected fora visit of inspection. From the observa- 
tions made at this Institution, together with valuable advice and 
suggesticns from Professor Schuster, a scheme of electric distribution 
was evolved for the Manchester Laboratories, and the installations that 
have been erected in recent years, and of which I propose to give 
short descriptions later, are the outcome of the experience gained at 
Manchester. 

In arranging a distribution scheme for laboratory work we have to 
consider the special requirement of a laboratory, in which the chief 
objects to be attained are :— 


I. To supply a source of current that will give a steady pres- 
sure. 

2. To provide a centre of distribution such that various volt- 
ages can be made available on different circuits simul- 
taneously. 

3. To arrange a network of circuits that shall be as inexpensive 
as possible in first cost, that will lend itself easily to altera- 
tions or additions, and that will maintain a high insulation 
resistance. 
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Source of Current.—For laboratory purposes a battery of accumu- 
lators is essential as furnishing the only means of providing absolutely 
steady currents. It may be said that any standard make of secondary 
battery will suffice, provided that the plate selected will allow of a high 
rate of discharge if required. The question then arises as to the best 
arrangement for charging the cells. Leaving out of account the cases 
where the laboratory has its own generating plant, we will consider 
the question of a supply from public mains. In the majority of cases 
we may take the voltage available to be between the limits of 200 and 
250. Asa general rule, the battery will consist of from 30 to 55 cells, 
which means that the maximum voltage required will be 140. There 
are then two alternatives, either to charge direct from the mains 
through a suitable rheostat or to instal a motor-generator. As you 
cannot expect to obtain a greater combined efficiency than 70 per cent. 
from a motor-generator of comparatively small size, it will be noted 
that the losses will be the same in both cases if the supply is 200 volts, 
and will be in favour of the motor-generator set when the supply 
voltage exceeds that amount. As ап alternative to an ordinary motor- 
generator we have now available а: direct-current motor converter. I 
am informed by the makers that for a machine of 12-k.w. output con- 
verting direct current from 200 to 140 volts, an efficiency of nearly 
go per cent. can be guaranteed. We have, however, more important 
considerations to take into account than percentage efficiency. We 
have to take into account that the cells will be unevenly discharged as 
explained later, and that we have therefore to provide means for 
obtaining low voltages down to, say, 15 or 20 volts. It would then 
appear to be most convenient to split the generator into two and instal 
either a dynamo at, say, 110 volts and a small booster at 5o volts 
(assuming that 140 is the charging voltage for the whole battery), 
or two similar dynamos giving 7o volts each. In the former case the 
two machines would be used separately or in series and would each be: 
driven by a motor ; or, again, two converters of the type referred to 
above would be installed. In the latter case the two machines can 
be mounted on one bed-plate with the motor in the centre, all three 
machines driving on one shaft. The generators can be used separately, 
in series, or in parallel. The second arrangement is on the whole the 
more convenient of the two, because we get the additional advantage 
of having a set eminently suitable for running lecture table arc lamps 
and also providing a heavy current by paralleling the two machines. 
Of course, a machine giving 110 volts is almost as useful as one giving 
70 volts for arc lamp work. The choice will then depend on the 
requirements, and, generally speaking, the first alternative is the more 
convenient for a physical laboratory and the second for a chemical 
laboratory where heavier currents are as a rule required. Next comes 
the provision for alternating current. Here, again, two cases arise. 
First, where the supply is continuous current, it will be found con- 
venient to instal a motor-generator and possibly to arrange the 
dynamo with slip-rings, so as to make provision for I-, 2-, or 


276 STEINTHAL: THE ARRANGEMENT OF EXPERIMENTAL 


3-phase current. Secondly, where the supply is alternating, it will 
be merely a question of providing a suitable transformer for the 
requirements of the laboratory. In physical laboratories a single- 
phase alternating current is all that is required in the majority of 
cases, and the demand for current is not likely to exceed 25 amperes. 
But the chemical laboratory Will require much heavier currents for 
furnace work. I believe that for certain types of furnace an alternating 
current is found to be most suitable and the current required may be 
anything up to 2,000 amperes. The heaviest currents will be used at 
comparatively low voltages ranging from 26 to Şo volts. The question 
arises as to the best type of generator to instal for furnace work. I 
am inclined to follow the practice in America and have a single-phase 
machine with the armature divided into four exactly similar sections, 
so wound that the four sections can be coupled up in series or in 
parallel. In the machine that I have selected each section has an 
output of 350 amperes at 25 volts, so that we get from the machine 
either 1,400 amperes at 25 volts, 700 amperes at 5o volts, or 350 
amperes at тоо volts. The voltages may be further varied within 
certain limits by varying the excitation of thc fields. In cases where 
an alternating current is available a transformer can be used on similar 
lines. In the Massachusetts Institute of Technology a 5o-k.w. trans- 
former is provided. The primary is connected to a 1,100-volt circuit. 
There are 16 independent secondaries, so wound that each can deliver 
300 amperes at то volts. The terminals are arranged so that the 
sections can be placed in series or in parallel. At the Columbia 
University Laboratory a set such as I have just described is used. 
There they have a 5o-k.w. alternator driven by a direct-current 
motor. The armature is divided into four sections, arranged so as to 
be connected up in series or in parallel giving voltages of 25, 50, or 
100, with the full current of 2,000 amperes available at the lowest 
voltage. 

Distribution.—Here the most important requirement is to arrange 
a method of delivering current at any desired voltage to any of the 
laboratory circuits, and to ensure that the arrangement can be easily 
manipulated without loss of time from a convenient centre. The 
voltages may vary from, say, 4 up to 110, but except for certain elec- 
trolytic experiments it is probably most convenient to arrange the 
source of current so as to vary the voltage in multiples of ten. "This 
being the case, we divide the battery into groups of five cells and arrange 
our distribution board so that these groups of cells can be connected 
up in series to give the necessary voltage. We then have to design the 
distribution board so that the groups of cells can be discharged on to 
any of the circuits as required. The actual type of board that I am in 
the habit of using for this purpose I propose to describe later, but I may 
perhaps here say that it is convenient to combine with the actual 
panels for distribution a special charging panel and also a panel to 
afford a simple means of connecting the groups of cells in parallel 
for obtaining large currents in those cases where such an arrange- 
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ment is necessary, which will be more particularly the case in chemical 
laboratories. 

Circuits. —Now as regards the circuits themselves, what type of 
conductor is the most suitable to employ? "The choice lies between 
insulated conductors and bare conductors, and I propose to show that 
the use of the latter is far more satisfactory from every point of view. 
The advantages chiefly lie in the cost of material and erection, and in 
the facilities afforded for making alterations and additions, such as 
tapping off extra terminal positions. Suppose we consider the 
necessary conductor required to carry 25 amperes. If we use an 
insulated conductor we should naturally work to the rules of this 
Institution, and the size of conductor for this current would be ү. 
Now in the case of a bare conductor we can work at a much higher 
current density, and we have merely to consider what limits of heating 
in the conductor we can allow and the corresponding drop in pressure 
at the end of the line. Some years ago, in order to arrive at a satis- 
factory current density to be used for bare conductors, so as to allow 
of reduction of weight to a minimum and still not to risk any undue 
heating, a series of experiments were made and the following formula 
was finally decided upon to be used for laboratory circuits :— 


C? = 15 D3, 
where C is the current in amperes and D the diameter in millimetres. 

This formula gives us 2277 amperes for a No. то S. W.G. wire. The 
drop in voltage per тоо ft. double run is therefore, in this case, nearly 
2:9 volts. It may be of interest to add that a No. то bare copper wire 
will rise 18° F. from 75? F. in a room when carrying 26 amperes, 
Whereas to produce the same rise in the open air on a calm day in 
summer 42 amperes are required.* 

Now we see from the above that we have to compare a bare No. то 
copper wire with a т; cable as regards cost, the price of the former, — 
taking copper at od. per 1b., being about 12s. per IIo yards, and of the 
latter about £5 per rro yards. Again, in erection it is not at all 
objectionable to run bare conductors overhead, spanning from point 
to point to obtain the shortest runs. It will, I think, be admitted 
that this is hardly feasible with insulated cables of fg and above. So 
that in addition to the saving on the conductor, we shall most probably 
use a smaller length of bare conductor for any particular circuit. The 
great point in using bare conductor is to have a really first-class 
insulator, and if the conductors are carefully erected, one can rely on 
obtaining a very high insulation resistance іп а dry building. As an 
illustration, in a laboratory that has been recently equipped an insula- 
tion resistance of over тоо megohms has been obtained on each in- 
dividual circuit, which is satisfactory taking into account that the 
conductor will on the average be carried on at least a dozen insulators 
and possibly pass through several walls. 
| * See Modern Electric Practice, vol. 3, p. 79. 
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Reverting for a moment to the voltage drop in connection with those 
circuits where a low voltage is likely to be used, in most cases where 
low voltages are required, and by low voltage I mean up to ro volts, 
the current used for an experiment is not likely to exceed 5 or 6 
amperes. Supposing, however, we take a demand of 10 amperes, 
at ro volts we get with our No. 10 copper conductor on a circuit of 
тоо ft. run (and very few runs are likely to exceed this length) a total 
drop on lead and return of 1:27 volts, and at 6amperes the drop would 
only be 0°76 volt. 

We will now consider the arrangements for distribution. 

Distribution.—'Take first the simplest case where we desire to attri- 
bute currents from a battery of, say, 30 cells, giving steps of то volts. 
We divide the battery into groups of cells, in this case six groups of five 
cells each. "Therefore, by placing one or more groups in series, we get 
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IO, 20, 30, 40, 50, and бо volts available. Now, if we have a panel with 
seven busbars connected, as shown in Fig. 1, to the cells, by connect- 
ing the ends of any circuit to two of these busbars we place on that 
circuit the voltage corresponding to the position of those bars. 

Instead of using switches the most convenient arrangement is to 
have a series of horizontal and vertical bars drilled at each intersection 
and fitted with plugs to make contact between a horizontal and vertical 
bar. Fig. 1 shows diagrammatically such a board fed by five groups 
of cells and distributing to four circuits. Here we see an arrangement 
by which we can distribute current from the cells to any of four circuits 
at voltages varying from то to 50 in ro-volt steps. 

It is, however, convenient to be able to charge the cells without 
having to disconnect the plugboard. For this purpose we then add 
two more horizontal bars, which bars are connected to the dynamo 
through the usual apparatus such as automatic cut-out, ammeter, etc. 
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Referring to the figure, it will be seen that by inserting plugs at a, 
a’, and b, b', we can charge the whole battery or we can pick out 
a single group to charge by inserting plugs at a, a", and b, Б”, It will 
be noticed that with this arrangement we can also place current direct 
from the dynamo on to any of the circuits. 

The next arrangement is to have means available for connecting 
up the group of cells in parallel for use on a special circuit. This is 
effected by the device shown in Fig. 2. Here we have a pair of leads 
brought from each group of cells to the plugboard instead of connect- 
ing all the groups together in series at the battery. We split the 
horizontal bars in two pieces and interpose a single-pole switch 
between the two portions. Referring to the figure, you will notice 
that so long as all the switches are closed we have all the groups in 
series as before, and for using the four circuits we proceed in the same 
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FIG. 2. 


way as in Fig. т. If, however, we wish to have the groups in parallel 
on to the special circuit we simply open all the switches and insert 
plugs at points marked C, to Cs and D, to Ds. As far as connections 
for charging are concerned we use these same plug positions. Thus 
to charge the whole battery we keep all the switches closed and plug 
at C,, Ca D,, De; or, supposing we desire to charge the third group 
from the top, we open the second and third switches and plug at 
C, С, D, D, Now, in a great many cases it is convenient to have 
two separate batteries, so that one battery is always available for dis- 
charge. In this case we have to devise an arrangement so that one 
battery can be charging whilst the other is discharging and vice versá. 
This arrangement is effected as shown in Fig. 3. Hereon the charging 
panel we have two identical sets of bars and plugs on each side of a 
vertical row of double-pole change-over switches. The centre short 
bars are so arranged that when all their plugs are inserted we have 
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the corresponding cells all in series. The object of these short centre- 
bars is to enable a single group or number of groups to be selected for 
individual charging. By means of the change-over switches in the 
centre it is possible to connect either battery to the distributing panel, 
and the complete arrangement enables'the one battery or any part 
thereof to be charged simultaneously with the discharge of the other 
or any part of it. Referring to the figure, supposing we desire to 
charge the whole battery on the left and take a discharge from the 
battery on the right, we place all the change-over switches to the 
right, which entirely disconnects the left battery from the distributing 
panel and at the same time places the right battery in connection with 
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that panel. We then insert plugs at a, а’ and b, b'. Or supposing it is 
necessary to charge the second and third groups from the top, we take 
out plugs at X, X, and plug at a, a" and b, b". Conversely, if the 
battery on the right is to be charged and that on the left discharged, 
the change-over switches are placed to the left and the corresponding 
plug contacts made as before. Either set of groups of cells can be 
placed in parallel as described previously. 

Summarising the above: A board, as indicated in Fig. r, gives 
a method of placing different voltages from a number of groups of 
cells or direct dynamo current on to a number of circuits and affords 
means of charging the whole battery or any part thereof. 

A board, as indicated in Fig. 2, gives method of placing different 
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voltages from a number of groups of cells or direct dynamo current on 
to a number of circuits or of placing the groups of cells in parallel on 
to a special circuit, together with arrangements for charging the whole 
or any part of the battery. | 

A board, as indicated in Fig. 3, gives a method of placing different 
voltages from a number of groups of cells in either of two batteries on 
to a number of circuits or of placing the groups from either battery in 
parallel on to a special circuit, also of charging either battery or any 
part thereof and of placing direct dynamo current on to any circuit. 
And it is further to be noted that one battery can be charging 
simultaneously with the discharge of the other. 

In a large laboratory it may not always be convenient to run every 
circuit back to the main distribution board, but this difficulty is easily 
overcome by using additional plugboards to subdivide the circuits 
further. This branch hoard will be merely a repetition of that shown 
in Fig. r. 

Now, as regards the connection of circuits to the plugboards, I have 
adopted two different methods. In the first, two series of busbars are 
used arranged at right angles to one another on either side of an 
insulating slab. What may be called the feeding busbars are placed ` 
horizontally at the back, and the distributing busbars are placed verti- 
cally on the front. А hole is drilled through both bars and the slab at 
each intersection, and a plug can then be inserted where desired to 
connect the front and back bars together. The circuit wires are con- 
nected through fuses to the ends of the vertical busbars. These plugs 
have presented some little difficulty. It is of great importance that the 
contact should be electrically and mechanically sound, and that the 
contact between back and front bars should be made expeditiously. 
The first two objects can be attained with a plug having a screw con- 
nection at one end and a cone at the other, but this is expensive. It 
means, first, an expensive plug, and it necessitates tapping the holes 
in the back bars and providing the front bars with coned seatings. 
You may be able to rely upon the screwed contact, but the cone and 
its seating are liable to wear and finally to become unsatisfactory. The 
next type of plug, consisting simply of a brass sleeve split at each end, 
does away with the objection of having tapped holes and coned seatings, 
thereby saving expense. The plug itself is also reasonable in cost and 
is, further, quick in manipulation, but though fairly reliable as regards 
contact it is not entirely so. Both these types of plug are in use, but 
the final type of plug, which I now use exclusively, is most reliable and 
inexpensive. This type is shown in Fig. 4. You will notice that it 
consists of a brass sleeve internally tapered towards each end. 
Through the centre runs a spindle on which work two coned pieces 
of brass on a right- and left-handed thread. "The spindle is rigidly 
connected to the handle, which, when rotated, causes the two cones to 
move inwards, thereby pressing the ends of the sleeve, which are split 
to allow of expansion outwards. The rotation of the handle after the 
plug has been placed in position in the holes causes the plug to 
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expand inside the holes. With this plug only parallel holes are 
required, and the contact obtained is electrically and mechanically 
perfect. 

We now come to the second method of connecting the circuits to 
the boards. The advantages of the second method about to be described 
lie chiefly in a saving of cost in manufacture of the boards. In this 
method the vertical busbars aré entirely dispensed with, and the hori- 
zontal bars are placed on the front of the slab. The circuits themselves 
are brought down to a fuse panel, Figs. 5 and 6, and flexible cords are 
brought from the underside of the fuses over a system of pulleys and 
counterweights to appropriate positions on the front of the slab, so that 
the plug connected to the flexible can be connected to the busbars as 
required. The plug in this case has only to make a single contact and 


is constructed on the same principle as the double contact plug, but 
with a single internal cone working on the spindle. The saving in cost 
of this type of board is effected through the saving of the circuit bus- 
bars, and the saving in drilling of the slab, the latter being a con- 
siderable item. The saving here indicated more than compensates for 
the cost of the pulleys and counterweight gear. The chief difficulty 
with this design arose in connection with the flexibles. Great difficulty 
was experienced in obtaining a flexible conductor to carry up to 
50 amperes sufficiently flexible to run nicely over a3 in. pulley. Several 
makers in this country were tried without success, but a flexible 
conductor was finally obtained in Germany consisting of 3,081 strands 
of No. 48 S.W.G. The conductor is not insulated but merely covered 
with a braiding of soft cotton, as it was decided to trust to the pulleys 
for insulation. This decision has been justified as on the circuits, as 
mentioned earlier in this paper, an insulation resistance of over 
тоо megohms has been obtained including the flexibles themselves, 
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e 
which will be roughly 24 yards long from fuse to plug. The pulleys are 
made of lignum vitae, with brass bushes working on a steel shaft. | 

I propose now to describe one or two arrangements which have 
been adopted for special purposes in connection with distribution of 
current. In the first place, it may be of interest to describe a device 
designed to prevent plugs being inserted into wrong holes on distri- 
buting panels. 

Supposing we take the case of a distributing panel for eight circuits, 
that means we have 16 busbars, and in this particular case we arrange that 
the vertical circuit bars shall be at the backand the horizontal feeding 
busbars on the front. We desire to ensure that one plug only can be 
inserted in any horizontal bar at the same time. For this purpose we 
have an ebonite guard bar fitted between the busbar and the slab and 


FIG. 


free to slide backwards and forwards parallel to its length. There are 
the same number of holes in the ebonite bar as there are in the hori- 
zontal brass bar, but the holes are so spaced that when one hole in the 
ebonite bar corresponds with a hole in the brass bar, and so allows 
a plug to go through both, all the other holes are out of adjustment. 
The spacing of the holes is found as follows: Suppose we space the 
holes in the brass bar at 17 in. centres. We have 16 holes, so that the 
total distance between the two extreme holes is 15 X 13 in.; if we take 
t$ of this length and divide the result by 15 we get as the result 2 in., 
which will be the spacing for the holes in the ebonite bar. And it 
will be found that this spacing satisfies the condition required. 
The second special application of plugs that I propose to describe 
is an arrangement for high-tension work to prevent accidental 
contact with busbars carrying a high-tension current. We have a 
plugboard arranged to place four sections of a transformer secondary 
in series or in parallel. Assume the transformer primary to be fed by 
a single-phase alternating current at roo volts, and that the secondary 
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is split into four equal sections, each giving 250 volts. These four 
sections are connected to a board arranged as indicated on the wiring 
diagram, Fig. ro, in the top right-hand corner, by eight conductors, and 
by means of double contact plugs these four sections are connected up 
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in series to give 1,000 volts to the external circuit, in parallel to give 
250 volts, or in multiple series to give 500 volts. Such an arrangement 
might be a source of danger to students, so a guard device is necessary 
to prevent accidental contact with the busbars. In the first place, a 
sheet of plate glass, perforated with the necessary holes to allow of the 
insertion of plugs in the proper positions to obtain the required 
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voltage, is fitted on the front of the board. "The double contact plugs 
are fitted with elongated handles in which are cut circular grooves. 
An ebonite bar, pivoted at both ends and therefore free to move about 
an axis parallel to its length, is provided at proper intervals with slots, 
which engage with the grooves in the plug handles. One end of the 
ebonite bar is connected by means of a link with the handle of a 


Fic. 7. 


double pole switch, which is placed into the primary circuit of the 
transformer, and is so set that when the switch is closed all the plugs 
are locked by the ebonite bar and can only be moved after opening the 
switch. Thus when the busbars are alive the plugs can neither be 
inserted or withdrawn. Fig. 7 is a photograph of this type of 
board. . 

Generally speaking it is obvious that a combination of plugs and 
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switches can be arranged to meet almost any desired purpose, and I 
should like to point out the very great convenience arising from these 
arrangements in laboratory work. "There is a great saving of time and 
trouble in being able to set your connections in a simple way by means 
of these plugboards, instead of having to work with loose wires 
and cables. 

Terminals for connecting Apparatus to the Circuits.—In designing the 
general scheme for a laboratory we have to consider the requirements 
of three classes of students :— 


I. Elementary. 
2. Advanced. 
3. Research. 


I. The requirements for elementary students are for most 
purposes met by small portable batteries. But it is con- 
venient to have circuits available for use from the central 

- distribution system as well. It is not necessary to provide 
the elementary laboratory with a large number of inde- 
pendent circuits, as the experiments conducted by these 
students can be performed very well off a single circuit 
or possibly a pair of circuits. The current required by each 
student will be small and the voltage low. The most con- 
venient arrangement is probably to feed the elementary 
laboratory with a couple of 50-ampere circuits, and arrange 
a series of tappings off the circuits, whose number will 
depend on the number of students working together in 
one class. 

2. In the case of more advanced students it is best to set apart 
a number of circuits for their exclusive use, feed these on to 
a separate plugboard, and wire the necessary number of 
terminal positions off this plugboard, arranging so that not 
more than two students are working off the same circuit 
simultaneously. 

3. For research work it is advisable that each terminal position 
should be an entirely independent circuit, so as to ensure 
absolutely steady currents and avoid any risk of the circuit 
being interfered with by another experiment. 


Capacity of Circuits.—The capacity of the various circuits must 
depend upon circumstances in each particular case, but generally 
speaking, physical laboratory circuits are best arranged for 20 and 50 
amperes, and those in chemical laboratories for 50 and тоо amperes. - 

Special Conductors.—In certain rooms of a physical laboratory it is 
necessary to eliminate all possible magnetic effects from the circuits. 
This can be attained either by crossing the conductors at short 
intervals, or by changing from bare conductors to insulated concentric 
cables. 
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For furnace and other heavy current circuits copper strip may 
be conveniently used, fitted on iron brackets with the usual pattern 
of busbar insulator. A current density of 2,000 amperes per square 
inch may be used, as a drop in pressure is not material, and these 
circuits are usually very short. For the lecture tables it is best to 
bring the bare соррсг as close to the table as may be convenient, 
and then finally connect up to the terminals on the tables with insulated 
conductor. 

The following paragraphs contain short descriptions of recent 
laboratory equipments in which the foregoing principles have been 
embodied :— 


CASE A.—PHYSICAL LABORATORY. 


Supply : 220 volts direct current, 3-wire system, 440 on outers. 
Source of current :— 
Dynamo driven by 220-volt motor, 80 amperes, 110 volts. 
Dynamo driven by 220-volt motor, 80 amperes, 30 volts. 
Alternator driven by 220-volt motor fitted with six slip-rings, 
for т-, 2-, or 3-phase current :— 


Single-phase, 17 amperes, 140 volts. 
Two-phase, 11 amperes, 140 volts. 
Three-phase, 14 amperes, 120 volts. 


T wo batteries of 55 cells, 200 ampere-hour capacity. 


The dynamos and cells are connected to a main plugboard of the 
type shown in Fig. 3. The circuits to the plugboard are connected 
according to the method shown in Fig. 5. There are twenty-four 
circuits distributing current through the laboratories. In the advanced 
laboratory there is a sub-board off which twelve circuits are taken for 
the advanced students. One large circuit feeds the elementary 
laboratory with a series of tappings to feed the various benches. 
The conductors are of bare copper, except in the elementary labora- 
tory, where the conductors are laid in trenches in the floor and are 
thereforeinsulated. The cables are insulated with vulcanised bitumen, 
as are also the cables which feed the terminals on the lecture tables. 


CASE B.—CHEMICAL LABORATORY. 


Supply: 220 volts direct current, 3-wire.system, 440 on outers. 
Source of current :— 

Two dynamos driven by a single motor off 440 volts, the three 
machines working on one shaft with the motor in the middle. 
Output of each dynamo, 50 amperes, 65 volts. 

Single-phase alternator driven by 440-volt motor, having total 
output of 35 k.v.a. with armature in four sections to be 
connected in series or in parallel. 

One battery of 48 cells, 220 ampere-hour capacity. 
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The battery is divided into nine groups of cells, seven groups of six 
cells each, one group of four cells, and one of two cells. 'These groups 
of cells are connected to a plugboard, shown in Fig. 2, and also to a 
sub-board of the type shown in Fig. т. Off the main plugboard there 
are twenty-four circuits, four of which feed a second sub-board for the 
lecture-room circuits. In addition a special 4-wire circuit feeds the 
physico-chemical laboratory, the four wires being connected to the four 
top busbars of the main board. As these four busbars are connected 
to the first three groups of cells, consisting of two, four, and six cells 
respectively, we can obtain on this 4-wire circuit 4, 8, 12, 20, or 24 volts. 
The alternator is connected to a plugboard, which enables the four 
armature sections to be connected as required to the heavy current 
circuit. This circuit, which runs to those positions where furnace 
operations are to be performed, consists of copper strip of section 
2 іп. by $ in. All the conductors are of bare copper, with the 
exception of the conductors feeding the lecture tables, which con- 
ductors are insulated with vulcanised bitumen. 


CasE C.—PHYSICAL AND ELECTRICAL LABORATORIES. 


Supply: 200 volts direct current, 3-wire system, 400 on outers. 
Source of current :— 

Two dynamos driven by a single motor off 400 volts, the three 
machines working on one shaft with the motor in the middle. 
Output of each dynamo, 40 amperes, 65 volts. 

Alternator fitted with six slip-rings driven by 400-volt motor. 
Output : Single-phase, бо amperes, тоо volts. 

T wo-phase, зо amperes, 100.volts. 
Three-phase, 38 amperes, 9o volts. 
One battery of 50 cells, 240 ampere-hour capacity. 


There are two different buildings here, one for pure physics and 
one for electricity. All the plant is situated in the electric laboratory. 
The battery is divided into ten groups of five cells each, seven of these 
groups are for use in the physics laboratory, and the other three for 
use in the electric laboratory, but arrangements have been made so 
that the whole battery is available in either building. In the physics 
laboratory there is a distributing plugboard of type shown in Fig. 1, 
fed by seven groups of cells from the electric laboratory, but in 
addition to the current from the cells arrangements are made on the 
plugboard for distributing alternating current from the alternating- 
current machine and also current from the 200-volt supply mains. It 
is to be noted that this board is fitted with ebonite guard-bars described 
earlier in this paper. Off this board there are eight circuits for feeding 
the various rooms of the physics laboratory. 

The electric laboratory has a small plugboard fed by three groups 
of cells, and also with arrangements for current from the 200-volt 
mains. Off this board there are three circuits for the rooms of the 
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laboratory. The alternator is connected up to a switchboard, and 
off the switchboard there are two circuits, one a 2-wire circuit which 
runs to the high-tension room where it feeds a transformer, the other 
a 4-wire circuit which runs to the alternate-current room, and enables 
either 1-, 2-, or 3-phase currents to be used there. The transformer 
just mentioned in the high-tension room is a single-phase transformer 
fed at тоо volts on the primary, and with the secondary divided into 
four similar sections, each giving an output of 6 amperes at 250 volts. 
Eight leads are taken from the secondary to a board, as shown in 
Fig. 7, where they can be connected up as required. 

Three general diagrams, Figs. 8, о, and ro, indicate the connections 
adopted in the three cases just cited, from which diagrams a clear 
idea of the laboratory installations may be obtained. 
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London Office and Stores: 13, CHARTERHOUSE BUILDINGS, E.C. 


“Eclipse” Apparatus will increase your load factor 
and give universal satisfaction if judiciously “pushed.” 


Please write for Catalogue. 


The Electric and Ordnance Accessories 
Co., Ltd., . - Aston, Birmingham. - 


CONRADTY CARBONS 
FOR FLAME ARC LAMPS. 


MADE UNDER BRITISH- WESTINGHOUSE PATENTS. ` 


The “NORIS-EXCELLO” 


` Is the most successful Flame Carbon on the Market. 


APPLY FOR LIST AND PARTICULARS TO 


SLOAN ELECTRICAL COMPANY, LTD., 
IS, Fore Street Avenue, London, E.C. 


MICA | SHADES 


For all In Siik, Lace, and Paper, 
ELECTRICAL, TECHNIGAL, AND Specially Designed for use with 
SCIENTIFIC PURPOSES. Electric Light, &c. 


TAYLOR & CO, 


ican Londons 40, Hatton Garden, London, E. C. Recien 


NAAM, А PERFECT 
DAE. SEP" REDUCING VALVE. 
‚ & eee f «‹ Foster's" Patent “Class W.” 
Bs ^ Г E FL EFFICIENCY, SAFETY, and 
CN ECONOMY IN ANY PIPE SERVICE. 


. No Pistons. No Stuffing Boxes. 
No Rubber. All Parts Metallic. 


All sizes from 3 in. to 24 in. 


| W. H. BAILEY & CO., Ltd., Albion Works, SALFORD, MANCHESTER. 


EVERED & CO.,' 


SMETHWICK, BIRMINGHAM, 


LOW TENSION SWITCHGEAR FOR 
POWER LIGHTING AND TRACTION. 


—— We invite your Enquiries. 
LISTS ON APPLICATION TO “X” DEP. 
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1,000 K.W. Sulzer Steam Turbine, Ocean Coal Co., Treharris. 


SULZER BROS. 


LONDON, W.c.. 30, NORFOLK STREET STRAND. 


MAIN SPECIALITIES: 


Steam Engines; Steam Turbines; Diesel Engines; High and Low Lift Centri- 
fugal Pumps; Fans; Turbo Compressors and Blowers; Rock Drills, &o.," &c. 


Two Sulzer High-Lift Centrifugal Pumps, 
Elliot Pit, The Powell Duffryn Steam Coal Co., Ltd. 
Delivery of each Pump 1,350 g.p. min., Lift, 1,690 feet; 
Motor Output, 950 B.H.P. 


Hart Accumulator Co., Lti., 


MARSHGATE LANE, riche Baty Е 
Manufacturers of the 
Best and Most Reliable Storage Battery 
IN USE ALL OVER THE WORLD. 
Send us your Inquiries and lot us quoto you. 
FULL PARTICULARS ON APPLICATION 


CRANES 


—— — «m. ALL TYPES AND CAPACITIES 
ELECTRIC 


AND HAND POWER 


ADAMSON, RAMSBOTTOM & C0., Liv, 
BIRKENHEAD. 
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ARMSTRONG, STEVENS & SON 


WHITTALL STREET, BIRMINGHAM 


“eo EYEBOLTS, TERMINAL SCREWS 
I BOLTS, &. 


\ 


For first-class insulation it is necessary to 
use a varnish which is not only a good insulator 


but one that is not affected by heat or air. 


Now any ordinary insulating varnish needs 
air as well as heat to make it dry, and there-. 
[оге under working conditions it will keep on 
drying and gradually become brittle, porous, and 
a bad insulator. 


You can buy insulating varnish at the 
ordinary price which contains no drying oil, but 
which attains a beautifully flexible condition on 
stoving, and retains this same elastic state after 
many years of work on a hot machine without 


losing any of its excellent insulating properties. 


The proof of this lies in asking Major 
& Co., Ltd., of Sculcoates, Hull, for a sample 
-to compare with what you are using. Test 
both together by treating sheets of linen or 
metal with two or three coats and stoving for 
a month or two before trying their insulating 


and flexible properties. 
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Being а Classified Index cf Names, Addresses, and Specialities of Firms 


Advertising in this Journal. 
(Where no folio is given Advertisement does not abpear in this Issue.) 


` Aeids— | PAGE , Oentrifugal Pumps— PAGE 
Morris, Н. N. & Co., Ltd... Manchester, S.E. 18 Pulsometer Eng. Co., Ltd. ......... Reading 7 
Aooumulators— Combined Electric Lighting Plants— 
Hart Accumulator Co., Ltd....Stratford, E. 5 N Woolnough, F. ........................ Norwich 15 
Accumulator Acid— Conduit Fittings— 
- Morris, Н. N. & Co, Ltd... Manchester, S.E. 18 Metallic Seamless Tube a T 
Aro Lamp Manufacturers— | rmingham 2 
Electric & Ordnance Accessories Co., Ltd. Conduit Manufacturers— 
| [Birmingham 2 gonn Russell & Co., Ltd. ............ Walsall 16 
Regina Arc Lamp Co. ............... Cologne 14 etallic Seamless Tube Co., Ltd. | 
Automatio Lifts— [Birmingha 2 
Smith, Major, & Stevens, Ltd. Brotherton Tubes & Conduits, Ltd. 
| ' London, S.W. 21 х [Wolverhampton 10 
Batteries— | › Oriental Tube Co., Ltd. ...West Bromwich 16 
Hart Accumulator Co., Ltd....Stratford,E. 5 | Oonduits for Interior Wiring— 
India Rubber, oul еч, апа Toe | Metallic Seamless Tube in am EMEN 
k .3 о өзөөөө Londo * e о * 
жа | ich : 5 е Continuous Current Generators— f 
Armstrong, Stevens & Son .. Birmingham 5 Woolnough, F. ИТҮЧЕ Norwich 15 
Cable Compounds— Smith, Frederick & Co., Wire Manu- 
Major & Co., Ltd. ОСО. facturers, Ltd. ...... Salford, Manchester 8 
Cable у 2665. oooocococsco500000000000002€ Qo re Ww p " i М [Prescot i2 
British Insulated and Helsby Cables, Ltd British: Tasulitog and Hagy Cabia; Hte: 


Henley’s, W.T., Telegraph Works Co.,Ltd. 


[Prescot 12 ndon, Е.С. 
Henleys, W. T. Telegraph Works Cranes— [Lo emm 
Co., Lit o scc eto London.E.C. 22 Adamson, Ramsbottom & Co., Ltd. 5 
India Rubber, Gutta Percha, and Tele- [Birkenhead 
graph Works Co., Ltd. ...... London, E.C. 20 | Oreosoted Wooden Poles— 
Liverpool Electric Cable Co., Ltd. Bruce, Alex. & Co. ............... Glas 15 
Liverpool 15 Wade, R., Sons & Co,, Ltd. ............ ul i7 
Ore Carb London, E.C id vendam 
е Сагропе........................ „ondon, Е.С. 15 i Co., Ltd. 
. Schiff & CO.......sessesrossossessos London, E.C. 19 келше S Ordnance Pe E ham 2 
Carbon Brushes— India Rubber, Gutta Percha, and Tele- 
Heap & Iohnson.................. London,E.C. 19 graph Works Co., Ltd.......London, Е.С. 20 
Le Carbone ........................ London, E.C. 15 Woolnough, F. ........................ Nonwich 15 
Sloan Electrical Co., Ltd. ...London, Е.С. 3 | Eleotrio Oranes— 
Chain Drives— Waygood, R. & Co., Ltd. ...... London. S.E. 8 
Coventry Chain Co. (1927), Ltd....Coventry 17 Henrv Berry & Co., Ltd. ............... Leeds 10 
“PULSOMETER” 
i i . е е 
| E Fitted with swivel arrange- 


ment and can be turned 
» to any angle. By removing 
the side plate the interior 
of the Pump may be in- 
окат without breaking 
— - the joint of either the 
FOR LIFTS UP TO 80 FEET. Suction or Discharge Pipe. 


Also 


TURBINE PUMPS 


FOR HIGH LIFTS. 
Write for List No. 365. 


Pulsometer Engineering СУЧ 


LONDON: READING 
Broad Sanctuary Chambers, Works 


20, Tothill Street, Westminster, 8.W. Nine Elms Iron Works. 


FREDERICK SMITH & Co.. 


WIRE MANUFACTURERS, 
INCORPORATED IN 


THE LONDON ELECTRIC WIRE CO. & SMITHS, LTD., 
SALFORD, MANCHESTER. 


100 96 All sizes to 
Conductivity.. ‘001. 


HARD DRAWN H.C. COPPER LINE WIRE. 
Special Tinned H.C. Copper Wire. | 
COPPER TAPES and BINDERS for LINE WIRE. 


COPPER TROLLEY WIRE 


Specially Prepared and Tested, 4-Mile and Mile lengths. 


Bronzo Trolloy Wiro. Baro Coppor Cablo. 
ALUMINIUM WIRE AND STRIP for all purposes. 


FREDERICK SMITH & co. 


Contractors to British and Foreign Governments and Railway Companies. 
Telegraphic Address :—“ ANACONDA, MANCHESTER.” 


R. WAYGOOD & CO., Ltd. 
Lift Makers to His Majesty the King. | 


| 


| ELECTRIC LIFTS 


OF ALL KINDS 


| FOR PASSENCERS 
| GOODS ETC. 


WAYGOOD LIFTS 


Electric, Hydraulic, Belt-Driven, or Hand Power. 
FALMOUTH RD. LONDON, S.E. 


Vill 
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Electric Lifts— 
Waygood, R. & Co., Ltd. ......London, S.E. 
Smith, Major & Stevens, Ltd. London, S. W. 


[Prescot 
Electric Wire and Cables— 
British Insulated and Helsby Cables, Ltd. 
Henley's, W. T. Telegraph Works 
Co., Ша... зинен London, Е.С. 
Hooper's Telegraph and India Rubber 
Works, Ltd.......... — , E.C. 
Kleotric Wire Аа Cables— 
Liverpool-Electric Cable Co.,Ltd. Liverpool 
Electric Cooking and Heating Appliances— 
British Prometheus Co., Ltd., 


[Kingston-on-Thames. 


Electrical Engineers and Con 
British Insulated and Helsby Cables, Ltd. 


[Prescot 
Clarke, T., & Co. ...... ei London, S.W., 
Evered & Co., Ltd. ............ London, W.C. 
White, J. G. & Co., Ltd.......... London, Е.С. 


Electrical Instrument Manufacturers— 
Sulzer Bros. ..................... London, W.C. 
Weston Electrical Instrument Co. 


[London, E.C. 
Eye Bolts— 
Armstrong, Stevens & Son... Birmingham 
Fan Makers— 
юз Keith & Blackman Company, Ltd. 
ulzer Bros. P —— London, W.C. 
Furnaces, Gas Fired— 
Masons Gas Power Co., Ltd....Manchester 
Gas Engines— 
Galloways, L Lido Manchester 
Gas Power Plants— 
Masons Gas Power Co., Ltd. ... Manchester 
Gauge Glasses-— 
Tomey & Ѕот5 .............................. Perth 
Gearing— (Newcastle-oti-Tyne 
rem George & Co.. Ltd. 
Coventry Chain Co., Ltd. (1907)...Coveniry 
Glass Brushes— 
Heap and Iohnson............... London E.C. 
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Hot Water M. 
Glenfield & Kennedv, Ltd. 


Heating Engineers— 
James Keith & Blackman Company, Ltd. 
eters— [Lon 


.. Kilmarnock 


Hydraulic Machinery— 
enry Berry & Co., Ltd. ...... ees Leeds 
Incandescent Electric ‘Lamp Makers— 


Pope's Electric Lamp Co. Willesden, N.W. 
Stearn Electric Lamp Co., Ltd. 

Induced Draught— London, S.W. 
James Keith & Blackman Co., Lt *. 


London, E.C. 

Insulated Wires— 
British Insulated and Helsby Cables, Ltd. 
Prescot 
Henley's, W. T., Telegraph Works Co.,Ltd. 
Insulating Material— [London, Е.С 
Major & Co., Ltd....... b tovs usa САЛТ Hull 
Litholite, Lid. s ——Á— "London, N.E. 

Insulators— 

India Rubber, Gutta Percha, and Tele- 
graph Works Co., Ltd....... London, E.C. 
Taylor & Со. -.......................... London 
Litholite, Ltd...................... London, N.E. 


Jointing— Jenkins Bros., Ltd....London, Е.С. 
Lifts— Smith, Major & Stevens. Ltd. 


London, S.W. 

Waygood, R. & Co., Ltd....... London, S.E. 
Lighting Sets— 

Ch. Price & Sons .................. Manchester 
Lubricating Oils— 

Price's Patent Candle Co., Ltd., 
Lubricators— London, S.W. 

Jenkins Bros., Ltd. ............ London, E.C. 


Willcox, W. H. & Co., Ltd... .London, S.E. 
eters— 
diee Ltd... 


Taylor & Co. 
Moto: s— 

Electric & Ordnance Accessories Co., Ltd. 

[Birmingham 

India Rubber, Gutta Percha, and Tele- 

graph Works Co. Ltd....... London, Е.С. 


ce.s... Hollitwood, Lancs. 


DEAD-BEAT 


. MOVING COIL 


INSTRUMENTS. 
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Station and Portable Types Standardised and 


: sureado[o 


OUO q3IOAId » 


Repaired at our 


Y London Office and Laboratory :— 


AUDREY HOUSE, ELY PLACE, HOLBORN, E.C. 


WESTON ELECTRICAL INSTRUMENT CO. 
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HENRY BERRY & CO., LTD., 


Makers of LEEDS. 


EU. HYDRAULIC MACHINERY 
| and ELECTRIC CRANES 


Of every Description. 
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| High Pressure Hydraulic Pumps. | 


re 
AND FITTINGS FOR ELECTRIC WIRING. MN 


NEW LIST 
Just Issued, 
Comprising Special and 
Up-to-Date Designs in 
Fittings for Water- 
tight Installa- 


SPECIALITY. 


Solid Drawn Conduits 
in 

© (6 Light and Heavy Gauges, 

Screwed and Unscrewed. 


tw- Over 50 miles of our Heavy Gauge 
Conduits are installed in Savoy Hotel 
Extensions. 
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Motor Starters— 


PA 
Evered & Co., Ltd. ............ London, W.C. 
Oil Cans— 
Kaye, J. & Sons, Ltd...................... Leeds 
Oil Engines (Vertical) — \ 
Price & Sons, Ch. .................. Manchester 
Oils— 
Price's Patent Candle Co. Ltd. 
[London, S.W. 
Wilcox, W. H. & Co., Ltd. «London, S.E. 
parators— 
Baker Oil Separators Co., The ......... Leeds 
Porcelain— 
J. Macintyre & Co., Ltd. ...................... з 


Power Plants, Gas— 
Masons Gas Power Co., Ltd....Manchester 

Pumps— 

Baker Oil Separator Co., The 


БЕКЕ Leeds 
Pulsometer Eng. Co., Ltd. ......... Reading 
Henry Berry & Co., Ltd. ............... Leeds 
Sulzer Bros. ..................-.. London, W.C. 


Baw-Hide Gears— 
Angus, George & Co., Ltd, 
[Newcastle-on-Tyne 


Bailey, W. Н. & Co., Ltd............. Salford 
Shades, Lamp and Electrical— 

Taylor & Со............................... London 
Steam Boiler Makers— 

Galloways, Ltd......... оез» ... Manchester 
Steam Engine Makers — 

Galloways, 1А4д...................... Manchester 

Sulzer Bros. ..................... London, W.C 
Steam Separators— 

Heap & Iohnson ............... London, Е.С 
Steam Turbines— ^ 

Sulzer Bros. ..................... London, W.C 

neware Conduits— 

Storage Batteries— 


, Е.С. 


JAMES KEITH ё 
BLACKMAN Co, Ltd. 


21, Farringdon Avenue, 
London, E.C. 


And at Manchester, Leeds, Birmingham, 
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Bwitches— 


PAGE 
Evered & Co.,Ltd. ............ London, WC. 3 
Ferranti, Ltd.............. Hollinwood, Lancs. 1 
Telephone Cables— 
British Insulated and Helsby Cables, Ltd. 
[Prescot 12 
Henley's, W. T., Telegraph Works Co.,Ltd. 
[London, E.C. 22 
Telegraph Poles (Wooden)— 
Bruce, Alex. & Co. sone FIASEOW 15 
Grandidge, Јатез.................. Birkenhead 13 
Wade, R., Sons & Co., Ltd. — [11 17 
Terminal Sorews— 
Armstrong, Stevens & Son ...Birmingham 5 
Trolley Wire— 
Smith, Frederick & Co. Wire Manu- 
facturers, Ltd.......... Salford, Manchester 8 
Tubes— 
Metallic Seamless Tube Co., Ltd, 
[Birmingham 2 
Brotherton Tube Conduits, Ltd. 
[Wolverhampton 10 
The Oriental Tube Co.,Ltd. West Bromwich 16 
John Russell & Co., Ltd. ............ Walsall 16 
Valves— 
Bailey, W. H. & Co., Ltd. ............ Salford 3 
Jenkins Bros., Ltd. ............ London, E.C. 23 
Varnish Insulators— 
Major & Co., Ltd. ........................... Hull 6 
Ventilating Fan Makers or Ventilating 
Engineers— 
Electric & Ordnance Accessories Co., Ltd. 
[Birmingham 2 
James Keith & Blackman Company, Ltd, 
London, Е.С, 11 
Wire Manufacturers— 
Smith, Frederick & Co., Wire Manu- 
facturers, Ltd.......Salford, Manchester 8 


IupucEn DRAUGHT, 


Ventivation, Ete. 


Glasgow, and Belfast. 


| BRITISH INSULATED & 
HELSBY CABLES, LTD. 


Works :— 
PRESCOT, HELSBY, & LIVERPOOL. 


Electrical Gable Makers and Engineers. 
Oc 


Paper, 
Rubber, 
Gutta Percha, 
Insulated and ¢ 
Lead Covered & 
Cables, | 

Flexible 

Cords, 

Cotton 
Covered Wire, 

&e., &c. 


ln "= —a a 


| CONTRACTORS for the COMPLETE EQUIPMENT of 
| TRAMWAY, POWER TRANSMISSION, LIGHTING, 
| TELEGRAPH & TELEPHONE SYSTEMS. 


| Manufacturers of an 


Junction and Joint Boxes, Feeder, Distribution and Section Pillars, 
Transformer Kiosks, Overhead Tramway Material, Bonds, Over- 
head Telegraph and Telephone Material, Telephone Exchange 
Equipments, Subscribers’ Instruments, Telegraph Instruments, Batteries, 
Switchboards, Insulators, Meters, Fire Alarm and Police Equipments, 
Railway Signals and Blocks, Mining Exploders and Shot-firing Cable, 
Patent Annealing Furnaces, Paper Pinions, Electric Welders, Extruded 
Lead Sections, Lead Alloy for Ammunition, &c., &c. 


HIGH CONDUCTIVITY COPPER. 


Rolled or Drawn to any Wire Gauge, Section or Specification. 


хи 


EUREKA GAUGE GLASSES 


TO ENGINEERS AND USERS OF STEAM POWER GENERALLY. 


We beg to call, your attention to our Eureka Gauge Glasses. Their specialities are 
their Great Durability. They bear any Variation of Temperature, and do Not 
Change Colour. Enamelled Gauge Glasses. Needle Lubricators. Indiarubber 
Washers, &c. | 

Our Glasses have recently been tested by an Inspector for the Indian State 
Railways to the extraordinary pressure of 6,800 Ibs. per square inch. We are 
satisfied that anyone giving thera a fair trial will use no other. 


TOMEY & SONS, gion, PERTH, SCOTLAND. 


| К? PATENT SERRATED STEEL SEAMLESS OIL 
CAN AND PATENT SEAMLESS SPOUT, 


With New Patent Thumb Button and Slide Feed Hole. Made also in Copper 
or Brass for Electrical Machinery. 4 


Contractors to Н.М, 

Navy, War Depart- 

ment, Home Office, 

Indian States Rail- 
way, etc. 


| NONE ARE CENUINE UNLESS THEY BEAR 
THE К LABEL. 


_ JOSEPH KAYE & SONS LTD., scis, LEEDS; ^^*** ноо" 
Ас. услу ашы OI TS OA a CORNER CICER СМ 


JAMES GRANDIDGE, 


CATHCART WHARF, BIRKENHEAD, 


(Also at Wyre Dock, Fleetwood), 


TIMBER MERCHANT AND CREOSOTER. 
Large Stocks of 
TELEGRAPH AND TELEPHONE POLES, 
SLEEPERS, MINING TIMBER. 
Telegraphic Address—“ Poles, Birkenhead.” - National Telephone—1292 Birkenhead. 
Kindly Address all Letters in full, as they are liable to be misdelivered. 


MANY OF THE MOST IMPORTANT 


ELECTRIC POWER STATIONS 
are equipped with WV 


EXHAUST STEAM 
IT IS UNEQUALLED, 


Write for Catalogue 
and List of Users in your District. 


HUNSLET, LEEDS. LTD. 
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| W. H. WILLCOX & Co., Ltd., Engineers’ Stores, 23-36, Southwark St., London. 


TWO LAMPS FOR . 
THE PRICE OF ONE. 


» that is what we offer you in 
It may be used on Direct or Alternating Current, 
and with either Flame or Pure Carbons. Feeding , 
is regulated by the consumption of carbon, and 


the carbon life is longer than can be obtained ' 
from any other lamp on the market. 


Full Particulars and Prices await 
your word. Write! 


|. REGINA BOGENLAMPEN- FABRIK 


 Koln-Sulz, Germany. 


F. WOOLNOUGH. 


Electrical Engineer, 
NORWICH. 


Established 1893. Nat. Telephone No. 456. 


Manufacturer of Continuous 
Current Dynamos and Motors 
for all purposes. 


LE CARBONE.) 


Specialists in the Manufacture of 


Dynamo & Motor Brushes, Carbon Switch-Breaks, 


Primary Geils, & Telephene Garbons. 
|17, WATER LANE, GREAT TOWER ST. E.C. 


ЄЗ R E QO S oO T BHD 


WOODEN POLES 


FOR POWER AND LIGHT CABLES 
DELIVERED ANYWHERE. — 


Send your Enquiries to 
ALEX. BRUCE & СО. 
53, BOTHWELL STREET, GLASGOW, 


Who have ES and Creosoting Works at places suitabie for 
any point of delivery. 


We are Manufacturers of 


Our Cables are manu- 


4 


VULCANIZED RUBBER 
CABLES to any Specifi- 
cation. 


4 factured to the Cable 
СҮ 4 Makers’ Association 
^A specifications, and in 
4| accordance with the 
d recommendations of 
the Engineering Stan- 
dards Committee. 


AERIAL CABLES. Y 
HARD-CORD BRAIDED \/ 
CABLES for Mining work V 

and rough usage. 

FIRE RESISTING ы сор 


CABLES, etc. SEND US YOUR INQUIRIES. 


THE LIVERPOOL ELECTRIC CAB CABLE 00. LTD., LIVERPOOL, N. 


GAS FOR 22 
HEAT ok POWER = 


Send for Catalogue to 


Masons Gas Power Co., Ltd, | 


LEVENSHULME, MANCHESTER. 


THE ORIENTAL TUBE CO., LTD. 


JOHN RUSSELL & CO., LTD. 


—— Alma Tube Works, WALSALL. —— 


FITTINGS AND ACCESSORIES FOR ELECTRIC WIRING. 


COVENTRY | 


| | "998 facro Wane: Sousa Caro. 


de .- Head { Саггіѕоп Side, 
— d Office 
Wn 


HULL. 


Also at West Hartuecnoo. 


NoISELESS !! 
саноа [exscr Dock vee 


CHAIN DRIVES | 


The economical and ® 7s 77-6 “ъ Чои 
effective · transmission ‚^^ ЖИ | \ Le 
of power has for years S : 
been our constant and 
special study. We sup- 
ply Ghains and Sproc- beris Ns DS : v 
kets of the highest | (У quar 
degree of accuracy. Bana М ee 

We guarantee Silence 
and the utmost Effici- 
ency. Tell us your | 
problem and we will ES 
provide the solution. 


E 


OE£ALS,BATTENS& BOARDS. 
€REOSOTED TELECRAPH,TELEPHONE, AND POWER 
THE COVENTRY Д POLES OF ALL DESCRIPTIONS, FITTED COMPLETE 


CHAIN co. (1907), LTD. TO ANY SPECIFICATION, WRITE FOR cATALOGUE . 
COVENTRY. 


EH.G. 


| Side Beotlon of Hot Water Meter Glenfield & Kennedy, | 


for Steam Boilers, &c. 


LTD. 


KILMARNOCK, SCOTLAND. 


(89, Yictoria Street, Westminster.) 


— MAKERS OF — 


Hot Water Meters 


For Measuring the Feed 
of Water supplied to 


Steam Boilers. 
A LARGE NUMBER IN USE. 


Descriptive Pamphlet on Application. — 
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PURE BRIM™MSTON E 


SULPHURIC ACID 


SPECIALLY PREPARED FOR ACCUMULATORS. 
AND SUPPLIED TO EYERY BATTERY MANUFACTURER IN THE COUNTRY. 
ALL SPECIFIC GRAVITIES. 


Quotations given for Deliver. to any Station in the Kingdom or for Export 
f.o.r. or c.i.f. to ali ports. 


H. N. MORRIS & C0. LTD., MANCHESTER, S.E. 


 LITHOLITE, LTD. 


55, Hackney Grove, London, N.E. 


MOULDED INSULATORS 
Of Every Description, including 


HANDLES, BUSHES, WASHERS, &c. 
BRUSH GEAR INSULATION A SPECIALITY. 


WRITE FOR CATALOGUE. 
Telegrams: ‘‘ FERRULES, LONDON.” Telephone: DALSTON 592, 


PARAFFIN & PETROL ENGINES. 


CHARLES PRICE & SON 


BROADHEATH, NR. MANCHESTER. 


18 Standard Sizes. 2 to 70 B.H.P, 
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| PROMETHEUS 
THE POPE pu 
| ELECTRIC LAMP 


Made in England. 


Misses ELECTRIC HEATING 


EFFICIENCY, = THE — 


E ym: 


LENGTH OF LIFE, toh 
ashe ЫЙА, British Prometheus Co. 
ELECTRIC HEATING AND 
Write for Prices, &c., to— COOKING ENGINEERS, 


| Salop St. Works, BIRMINGHAM 


Pope's Erectric Lamp Co. 


HYTHE ROAD, 
WILLESDEN, N.W. 


| Telephone No. 70 Harlesden. | 


arr 


LONDON SHOWROOMS: 
9, NEWMAN STREET, 
OXFORD STREET, W. 


1#©Н Р” CARBONS. 


Manufactured by 


SCHIFF & CO., VIENNA. 


London Office SHIP CARBONS LTD., 
67, ALDERSCATE STREET, LONDON, E.C. 


Telephone— Telegraphic Address— A.B.C. CODE. 
P.O. CENTRAL, No. 12367. “ GLORIOLE," LONDON. 5th Edition Used. 


GARBON BRUSHES. 


The Glass Brush for Cleaning Commutators. 


| THE STRATTON STEAM SEPARATOR. 


99% Dry Steam Guaranteed. 


| Telegrams: “ Planetary," London. 


HEAP & EKOXXINSSOIT А 


28, Hatton Garden, Е.С. 
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Proceedings of the -Five Hundred and Fourth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
March то, 1910—Dr. GISBERT Kapp, President, 
in the chair. 

The minutes of the Ordinary General Meeting, held on February 17, 

1910, were taken as read, and confirmed. 


Messrs. F. N. Haward and H. M. Sayers were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 

ELECTIONS, 
As Member. 
Robert Manson Wilson. 


As Associate Members. — 


Archibald Campbell Adams, Francis Edward Spencer. 
Harry Munro Campbell. Edward Turner. 
Peregrino Samuel Fernandez. | George Victor Twiss. 
Reginald Henry Handcock. Ernest August Ullmann, 
Christopher George Roach. Arthur Vincent Vowles. 
Bernard Scheuer. Horace George Weaver. 


As Associate. 
Jotsing Harising Advani, B.Sc. - 
VoL. 54. 20 
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Donations to the Library were announced as having been received 
since the last meeting from Dr. L. A. Bauer, The Engineering 
Standards Committee, A. Hands, H. R. Kempe, F. E. Nipher, Major 
W. A.J. O'Meara, C.M.G., The Phoenix Assurance Company, Ltd., P. О. 
Pedersen, The Secretary of the War Office ; to the Building Fund from 
Professor J. Epstein, J. H. Garrett, Professor. A. Hay, R. Hardy, E. 
Mercer, E. Н. Rayner, G. M. Robertson, J. C. Smail, L. C. B. Trimnell ; 
and to the Benevolent Fund, from Major P. Cardew, Sir J. Gavey, C.B., 
J. Gilligan, Colonel H. S. Hassard, J. R. P. Lunn, Major W. A. J. O'Meara, 
C.M.G. F: C, Raphael, J: B. Smith, and C. P. Sparks, to whom the thanks 
of tHe meetihg wére duly accorded. 


The following papers, by Mr. Miles Walker, were read and dis- 
cussed (see pp. 295 and 319) :— 

* Short-circuiting of Large Electric Generators and the Resulting 
Forces on Armature Windings." 

“The Design of Turbo Field Magnets for Айша current 
Generators with Special Reference to Large Units at High Speeds." 
` The meeting adjourned at 9. 35 p.m. 
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SHORT-CIRCUITING OF LARGE ELECTRIC GENE- 
 RATORS AND THE RESULTING FORCES ON 
ARMATURE WINDINGS. 


By MILES WALKER, Member. 


(Paper received October 27, 1909, read in London on March то, and al 
Manchester on March 8, 1910.) 


The paper deals with the currents which flow when large electric 
generators are short-circuited. Oscillograph records are given show- 
ing the current which flows when a 5,500-k.w. generator is short- 
circuited at its terminals. The forces operating on armature windings 
are approximately calculated, and the methods adopted by various 
designers to support armature windings are illustrated. The pheno- 
mena accompanying the short-circuiting of direct-current generators 
and rotary converters are also considered, and oscillograms are given 
showing the current on short circuit and the voltage rise across the 
circuit breaker. . 


. ALTERNATE-CURRENT GENERATORS. 


Value of Armature Current on Short Circuit.—1f the armature of an 
alternator of ordinary regulating qualities is short-circuited while it is 
àt rest, and the machine is then run at full speed and fully excited, the 
current in the armature will not rise to more than 24 or 3 times 
its full-load value. The reason of this is that the current lags almost 
90? behind the phase position of the pole-centre, and it demagnetises 
the poles. This current would not be sufficient to bring into play any 
serious forces on the armature winding. But if an alternator while 
running at full speed and fully excited is suddenly short-circuited at 
the terminals of the armature, the current may rise to more than 
20 times its full-load value. The first rush of current is propelled 
by the full E.M.F. of the generator, for there is no time in the 
first тд; part of a second for the field to be demagnetised. The 
rate at which the current rises is determined by the self-induc- 
tion of the armature winding, and it is also to a certain extent 
affected by the distributed capacity between the winding and the 
frame. In considering the self-induction which is effective im- 
mediately after a short circuit, we must take only that part of the 
self-induction of the armature winding which is due to the flux leaking 
between armature and field windings. 

The rate of the rise of the current is at first but little affected by 
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the change of magnetic flux through the field magnet, because as the 
current in the armature rises, there is an eddy current in the pole- 
face, or even in the field winding itself, which maintains the flux from 
the pole almost at its full value. It is only as this eddy current dies 
down that the armature demagnetises the field. 

Now, the magnetic flux which leaks across the armature slots and 
around the end connectors due to full-load current is often in turbo- 
generators only 5 per cent., and sometimes only 3 per cent., of the 
total flux from the poles, so it comes about that the rate of rise of the 
current in one of the phases which happens to be near itg maximum 
E.M.F. at the instant of short circuit would, if the pole-flux: were 
constant, be 20 or r 30. times as great as the rate of rise from zero at full 
load.* 

This,.of course, assumes that. the resistance and self-induction of 
the path of the eddy current in the pole is negligible. In practice 
these quantities must be taken into account. 

' Let us take a case and consider the actual values that one finds in 
practice. А 5,500-k.w. 3-phase generator with 4 solid salient poles 
revolves at 1,000 revs. per minute. The total flux per pole amounts 
to 78,000 kilolines ; there are 27 conductors per phase per pole, and 
the instantaneous value of the E.M.F. generated in phase A at the 
moment when the pole is in the position shown in Fig. 1 is 9,000 volts. 
The resistance of phase A is o'056 ohm. Тһе magnetic flux J; which 
leaks across the slots and around the end windings of the machine 
when т ampere passes in phase A, amounts to 6*2 kilolines per pole. 
For full-load current—288 amperes (= 405 amperes maximum)—thé 
leakage therefore amounts to 2,500 kilolines, or 3:2 per cent. of the 
total flux per pole. 

Rate of Rise of the Current. —Now. let phase A be shoréciicuitéd 
at the moment when the pole is in the position shown.in Fig. r. 
There is an. E.M.F. of 9,000 volts tending to drive current through 
phase A. As the current rises it will not only set up leakage 4,.but 
it will create a magneto-motive force in all such. paths as m, m, 
threading through the path of the iron pole. As soon as any flux 
begins to grow in the path m, m, it immediately produces a current 
in the pole-face of an ainount almost equal to the total current in 


* In order to simplify matters the figures given in the paper for the flux per pole 
are reduced to allow for the breadth coefficient. The leakage flux is treated in the 
same way. Thus if N is the effective flux (that is the flux multiplied by the breadth 
ae per pole, then— 


Volts per phase —2x NS X 108 
where S stands for the turns per phase. 
Now if the effective leakage flux per pole for full-load current is Е it will take 
20 times full-load current to set up a reactance voltage equal to the йр сеа voltage. 
As will be seen later, the above is not a full statement of the matter. The effective 
leakage (counting that due to the pole-face) is in practice more nearly то but the 


current may rise to 20 times full-load value through the doubling effect caused 
by the switching on. See Footnote, page 299. 
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the. phase-band A and opposite to it in direction. In the case in 
Fig. 1, with counter-clockwise rotation of the N pole, the current 
in the phase-band A will flow towards the observer from the paper ; 
the eddy current in the pole will flow from the observer towards the 
paper. The return path for this eddy current will be along the sides 
of the pole and back along the face of S poles. This current opposes 
the creation of flux along the path m, m, so that the flux cannot grow 
at a greater rate than is just sufficient to generate the eddy current 
against the opposition of the resistance and self-induction of its path. 
As the flux along m, m grows it will set up a back E.M.F. in phase A, 
so that the effect will be just as if the resistance and self-induction 
of the eddy-current path in the pole were transferred to phase A. 
The value of the resistance and coefficient of self-induction of the 


! . FIG. I. FIG. 3. 


Showing Eddy Currents in the Pole-face and the Paths of the 
Leakage Flux /, and ls. 


eddy-current path in the pole would be difficult to calculate in any 
particular case, but in the case considered below, the coefficient of 
self-induction (the more important term), when multiplied by the ratio 
of transformation, appears from the result of experiment to have a 
value equal to about 2:4 times the coefficient of self-induction of that 
part of the armature winding which lies opposite the pole. We 
therefore have the leakage I, + 1, as the main controlling factors in 
determining the rate at which the current c in phase A begins to rise ; 
taking /, + J, in the above case to be 2'12 kilolines per ampere, the rate 
at which the current would begin to rise is 800,000 amperes per 
second. Т | 

Fig. 2 shows generally the way that one would expect the short- 
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circuit current to. rise, leaving out of account the effect of the dis- 
tributed capacity. The zero line of the current curve will depend upon 
the instant at which the switch closes (see note, page 299). The figure 
also shows to the same scale the full-load current lagging 9o? behind the 
pole-centre. As the pole gets past the middle position, the E.M.F. 
begins to sink and the resistances of the paths begin to make themselves 
felt when the current reaches several times its full-load value. As the 
pole moves round from the position shown in Fig 1 the eddy current 
moves along the pole-face as though it were a reversed reflection of the 


2%. EAR 


ЕН ЕГЕТ 
тини нини 


Zero line of short circuit current 
depends on the instant at which 
8her? circuit Occurs. eg for the 


matant оов draw zero ле 
through 1800 Amps. 


mmi 

TERRE 

Fic. 2.—The Magnitude and Phase of the Instantaneous Short- 
circuit Current as compared’ with Full-load Current 


lagging 909. 


current in the phase-band A mirrored in the face of the pole, and 
shortly after the corner of the pole has left phase A, there is an eddy 
current in the pole-face down one side and up the other, which tends 
to keep up the flux in the pole against the strong demagnetising 
current in phase A, which is now in the best demagnetising 
position (see Fig. 3). In a polyphase machine the cross-magnetising 
and the demagnetising effects occur at the same time, but in Figs. 1 
and 3 we have only considered phase A. 
If instead of a solid pole we have a laminated pole, the resistance 
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of the path for the eddy current is very much higher, but it is found 
that the exciting current in the winding is increased at the instant of 
short circuit, and takes the place of the eddy current in keeping the 
value of the pole-flux nearly constant for the instant after short circuit. 
By the time that the pole S comes under phase A the eddy currents are 
beginning to diminish, so that pole S is not as strong as pole N was. 
Though the current may fall under the influence of pole S, it does not 
always cross the zero line, but rises again under the influence of the 
next N pole, so falling and rising, and describing a waving line which 
keeps its mean value above the zero line for several alternations. It 
may be said that at the instant of short circuit a direct current is 
generated in the winding which is maintained by the self-induction of 
the winding and slowly killed by the resistance. Superimposed on 
this direct current is an alternating current generated by the passing of 
the poles alternating N and S, and at the same time gradually growing 
weaker as the eddy current in the pole-face or in the exciting windings 
grows weaker. After a few seconds the poles become normally excited 
and the current sinks to two and a half or three times its full-load value.* 
In order to ascertain the instantaneous value of the current in the 
armature at the time of short circuit, some records were taken on a 


* There is a difficulty in dealing with this subject analytically, because the eddy 
paths in the poles are not of simple form, and their resistance and self-induction vary 
somewhat as the eddy current takes up different positions in the poles. We know, 
however, that there is produced at the instant of short circuit a large magnetising 
eddy current. We also know that the magnetising eddy tends to live by reason of the 
self-induction of its path, but is slowly killed by the resistance of the path, so that we 

__ 72 А 
may assume that it changes with time / approximately as the expression С; € J, © 
where C, is its maximum value, and ж and /; are the values of the resistance and 
coefficient of self-induction of the path, so far as these are capable of being expressed 
by constants. Now the E.M.F. in the armature at any instant may be regarded as 
consisting of two parts: one part e; the E.M.F. which is sufficient to drive the final 
short-circuit current through the armature against its resistance and self-induction, 
and the evanescent part ег, the E.M.F, generated by the flux from the pole which i is 
produced by the eddy current in the pole. 


és = Es sinamnt 


72 g 
nag pe һ) Е, sin 2 Fr 1t 


` Here we e have written r= (1 — t,) in order to have only one time variable, ty is 
the time at which the switch is closed. 

At the instant of short circuit (t —4,) = o, and es E е, = е, the full E. M. F. of the 
machine, As the eddy current іп the pole dies out e, disappears and e = e, and the 
machine then gives its normal short-circuit current. The expression for the current 
at any instant after a short circuit therefore takes the form— 


: үг 
__ Е, +e 7, 7 һ) Е, 
= Nr? + 4 п? п? 1,2 


[sin (27 nt —a)] 


fi 
= __Е:+Е__, ly (f — ty) (sin 2 77 n f, — a). 
Vr + 4 п? п2 1 Б | 
The last term of this expression corresponds to the evanescent term which always 


appears in the expression for the current after switching on. As f, is a constant, the 
last term represents a current, which is always on the same side of zero, possibly very 
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'Duddell oscillograph fitted with a cinematograph film. Fig. 4 shows 
one of these records taken on a machine of the type shown in Fig. т. 
‘The curve V shows the voltage before the short circuit, which in this 
‘case is 3,900 virtual, the maximum point being 5,700 volts. At the 
instant of short circuit the voltage at the terminals of the machine falls 
to zero and the current curve springs into being ; the highest current 
recorded was 3,100 amperes. The curve is sufficient to show the 
general nature of the current on short circuit. It will be seen, as 
indicated in Fig. 2, that it rises to such a high value during the first 
half of a cycle that the pole which passes during the next half cycle is 
‘barely sufficient to bring it to zero. It then rises and falls in waves of 
gradually diminishing amplitude, until after a lapse of several seconds 
it assumes the value it would have had if the short circuit had been 
made before the field was excited. The value of the current at the 
first peak is in this case 7°6 times as high as the maximum value of the 
current after it has settled down. Therefore if the normal short- 
circuit current of the machine is taken at three times full-load current, 
the instantaneous short-circuit current would be— 


76 X 3 X 1'41 = about 32 times full-load current. 


In order to get a better idea of the decrement of the wave of current, 
the oscillograph shunt resistance was changed so that the instrument 
would draw the smaller end of the curve on a larger scale. This is 
shown in Fig. 5. In this case the peak of the current curve on short 
circuit is completely off the film, and it is only after several alternations 
thatthe amplitude is sufficiently diminished to bring the tops of the waves 
into view again. The film was stopped for several seconds to allow the 
armature current to assume its final value. This was 295 amperes as 
recorded on an ampere-meter. It will be seen from this curve that 
even the 24th wave after the short circuit is 60 per cent. higher than 
the wave after it has settled down. 

Figs. 6, 7, and 8, show the current curve drawn to a different 
scale again. The peak in some cases is still off the film, but from Fig. 8 
a good idea can be obtained of tberate of decrease of the pole-strength. 
Figs.6 and 7 ae interesting because they show the effect due to the 
capacity of the winding. At the instant of short circuit, the current 


great at the instant of switching on, and slowly dying as it is killed by the resistance 
of the armature winding. The angle a, of course, equals tan — E 

The following are the values of the different quantities as сша а from the 
curve in Fig. 6— 


E; — 975 volts (maximum i in one phase). 
E, — 2740 volts (maximum in one phase). 


f; = O'IO5. 
h = ооп, 

= 2'06 during first half-second, but changes slowly to 1°15. 
‘nh’ = 33%. 


t, = 0'002; tis os that the volts of one phase of the generator = 
| 3,715 sin27n' | 
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appears to rise almost perpendicularly and sink again in less that үре 
of a second. It then rises on the curve which we have already con- 
sidered, that curve being more or less dis- 
torted by an oscillation due. to the capacity 
of the winding.* It does not appear from 
these curves—which were obtained when 
the machine was short-circuited at a maxi- 
mum of 7,000 volts—that the rush of current 
due to the capacity of the winding is greater 
than the current shown by the peak of the 
smooth wave; but it may be that under 
certain conditions, and at higher voltages, 
this condenser current may rise to a higher 
value than the armature current restrained 
by its resistance and self-induction would 
rise to. 

The capacity of one phase of the winding 
Чо earth was only o'028 microfarad. The 


-I0,000 amperes 


Maximum Current, 3,100 Amperes. 


This is not sufficient energy to do much 
harm to the coils. 

Eddy Currents in the Pole-—Two interest- 
ing phenomena arose out of these experi- 
ments, It was noticed that the instant the 
oil switch was closed which connected the 
terminals of the armature together, a ring 
of flame appeared at the ends of the field 
magnet. This flame was the more myste- 
rious because the field magnet was flanked > 
with a heavy bronze end bell at each end, 
and the ring: of flame appeared on the face 
of this end bell, and had a diameter about 
4 in. less than the bell itself. On inspection 
it was found that the bolts, at a distance of | 
2 in. from the circumference, which PM-'', the bell to the field 

* See discussion where doubt is thrown‘on the origin of these ripples. 


maximum voltage to which the terminals 5. 89 
were charged in the experiment illustrated pa: 3 
‘in Fig. 8 was only about 4,000 volts. The 39 28 
voltage to earth may be taken as varying at Фм еЗ 
different points of the winding from o at NM 
-the star-point to 4,000 volts at the terminals. c 2 E » 
The stored energy under these conditions ON ош E 
would only be one-third of what it would os Б 
be if the whole winding were charged above 2 38 8 
earth. This stored energy would Бе about— о Оу т 
= = 
4 X 4 X 0'028 x 10-5 X 4,000 X 4,000 p Р 
= 0:075 joule. E z 
7 
= 
с 


Valts ‘scale ; Іст = 11,000 volts . 
Fic. 4.—Oscillograph Record of Armature Current when an Alternator is Short-circuited. 


V= voltage measured at terminals of the generator. To get the right phase of voltage in the leg of the star 
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magnet, were pitted where they pressed upon the bronze. The 
explanation appeared to be that the eddy current in the pole-face 
was so enormous that in passing to the end bell on its way to the next 
pole it made an arc between the bronze bell and the steel bolts. No 
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one, without seeing it, would have believed it possible. The value of 
the eddy current can be roughly calulated, because we know that it is 
almost equal to the current in the armature wires, multiplied by the 
number of wires opposite the pole-face—in the case of these experi- 
ments about 150,000 amperes. - 
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Behaviour of Exciting Current.—Another remarkable thing was the 
behaviour of the ampere-meter in circuit with the field magnet. 
From experience with other machines, one would have expected the 
field current to rise after the short circuit. An increase in the current 
is easily understood when we remember that the armature suddenly 
applies a demagnetising force, and any diminution of the magnetism of 
the pole creates a forward E.M.F. in the field winding which does not 
cease until the pole reaches its final weakened state. In the experi- 
ments on the machine with solid poles, however, the effect was 
reversed. | 

The field was excited from separately driven exciters feeding bus- 
bars at 125 volts, the current being controlled by a rheostat. The 
current before the experiment was adjusted to 70 amperes. For a 
moment after the short circuit it remained almost stationary, and then 
quickly fell until it was only about 20 amperes. It then rose above its 
normal value, and it was not until after 7 seconds that it fell again to 
70 amperes. 

The explanation of the decrease in the exciting current in this case 
appears to be as follows: At the instant of short circuit an eddy 
current is produced in the solid metal of the pole itself and this 
screens the field winding from any inductive action during the first 
second. The eddy current is produced on the surface of the pole but 
gradually sinks into the body of the pole; the path of the current has 
now a coefficient of self-induction which is fairly great as compared 
with its resistance, because the magnetic lines produced by the eddy 
current lie in short closed paths in the iron of the pole. This eddy 
current in a path of such low resistance and high self-induction can 
easily subsist several seconds after the armature current has settled 
down to a small value. Thus after the powerful demagnetising effect 
of the armature is removed, the magnetising effect of the eddy current 
still exists, and as it sinks into the body of the pole it takes the place 
of, or assists for the time being, the normal field current, causing this 
current to sink in value. In the course of time the resistance of the 
path kills the eddy current and the field current rises again. 

. This effect does not occur іп a laminated pole. The demagnetising 
effect of the armature causes the field current to rise at the instant 
of short circuit. | 

If a copper damper is placed on the surface of the field magnet 
the eddy current appears mainly in this, and the field winding is 
screened more or less according as the resistance of the damper is 
less or more. In one case where a r,ooo-k.w. turbo-generator was 
short-circuited at full voltage, sparks were seen between certain parts 
of the metal of the damper which did not make perfect contact, 
showing that it is very necessary when dealing with the enormous 
currents which appear in a damper of this kind to see that the joints 
in the metal are made with the utmost care. 

Forces on the Windings.—The study of the instantaneous currents 
which. flow when an alternator is short-circuited is important on 
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account of the great forces which they bring into play upon the 
armature windings. .In fact, there has been considerable difficulty 
in the past in devising adequate means of supporting the coils. Even 
with slow-speed generators, it was known that the sudden rush of 
current which occurred on short circuit, or when the generator was 
thrown on the busbars. badly out of phase, would injure the winding 
unless it were made very strong and suitably supported. But it was 
not until after many serious accidents that the designer realised how 
many times greater were the forces he had to deal with in the case 
of turbo-generators. The reasons for the difference in this respect 
between slow-speed machines and turbo-generators are as follows : 
In the first place, the high-speed machine has comparatively few poles, 
and therefore the ampere-turns per pole are very much greater. For 
instance, a 3,000-k.w. 25-cycle engine-type generator, running at 94 
revs. per minute, may have about 2,000 ampere-turns per phase per 
pole, while a 3,000-k.w. 25-cycle turbo-generator, running at 1,500 
revs. per minute, may have as many as 8,000 ampere-turns per phase 
per pole. The force is proportional to the square of the current, so 
that four times as many ampere-turns will give us many times as 
much force even though the coils are broader. 

Secondly, the span of the coils in the engine-type machine is very 
much shorter. In the machines compared above, the spans of the 
coils might be 18 in. in the one case, and go in. in the other. 

Then again, the magnetic flux leaking across the slots and around 
the end-windings bears a much smaller ratio to the total flux per pole 
in the case of many turbo-generators than it does in the:case of engine- 
type machines. This consideration, as we have seen above, is one 
that determines the value of the current on short circuit. 

The troubles that were experienced in the early turbo-generators 
were, no doubt, partly due to the disinclination on the part of the 
designer to bring the high-tension winding very near to metal clamps. 
Experience had shown that it was desirable to preserve long-creepage 
distances and to keep coils of different phases as far away from each 
other as possible ; any clamping that had to be done was done in 
accordance with old-established rules of insulation. The result was 
that in many cases the clamping was insufficient. 

It is interesting to take an arrangement of coils and to calculate 
what forces are at work on various parts, assuming that the current 
at the instant of short circuit is 32 times as great as the normal full- 
load current. Fig. 9 shows the plan of a coil of an old-fashioned 
winding which was completely wrecked by the throwing of a 
generator on to the busbars when it was out of step. The direction 
of the current in the windings is shown by the arrows. Fig. то is a 
diagram showing the intensity of the magnetic field at various parts 
of the winding along the section A-B, when 1,000 amperes is flowing in 
each conductor. This diagram has been arrived at by a summation 
of the values of the field produced by different conductors at every 
point along the section A-B. It will be seen that the magnetic field 
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at póint C is a$ great as: 530 €. G.S. units. If at this point we have 
3 conductors, each carrying a ‘Current’ of 1,060 amperes, the force on 
the armature coil will be ír' Ibs. per. foot run. ‘Now the force 
increases as the square of the current : so with 10,000 amperes per 
conductor (if we add a little for the capacity effect, the current works 
out at something over 9,300 amperes) the force would be ioo times as 
great, that is to say, 1,100 lbs. per foot run for the worst coil; Even 
this great force, if it acted slowly, would not have caused as much 
bending as had apparently taken place. But when a force acts on a 
beam quickly, it can produce by the swing double the amount of 
‘deflection it can produce when acting slowly. Taking this swinging 
action into account, the twisting of the coils can be explained. Still 
the work of the destructive forces in these cases is so startling in its 
nature that one wonders at times if materials retain their ordinary 
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mechanical properties when subjected to these sudden electro- 
magnctic forces, Fot example, some blocks of maple wood having a 
section 6 in. by’ 8 in. placed between the bent-up coils and the 
iron end-plate, were crushed to splinters as if they had been under the 
blows of a steam hammer. Experiments were made on an insulated 
coil to see what bending forces it would stand without destruction. 
The experiments were made on the coil when it was cold, and 
it was found that the stiffness of the coil was very much greater 
than the calculated stiffness, taking into account the copper con- 
ductors only, showing that the coil derived a great part of its 
strength from the insulation. This is interesting, because one does 
not ordinarily expect insulation to havé very great mechanical strength. 
It would have been better had the test been carried out with a an 
coil. i " 
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Switching in Out of Step.—l1f two similar alternators running at 
full speed and fully excited are thrown in circuit with one another 
‘when directly out of step, the current which flows through the 
armature is the same as if each machine had been short-circuited 
аё its terminals. The E.M.F. taken in the whole circuit of the 
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Fic. 10.—Showing Strength of Magnetic Field in the various Coils 
depicted in Fig. 9 due to 1,000 Amperes in each of the Three © 
Conductors which make up One Coil. 


two machines is doubled and the resistance and self-induction are 
‘also doubled. If the machines are thrown into circuit only partly 
out of step, the current which circulates is not so great, being 
equal to the short-circuit current multiplied by the sine of half 
‘the angle of phase displacement between the two machines, 
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Where two machines are feeding a busbar and a third similar machine 
is thrown on to the busbar directly out of step, the current flowing in 
the latter machine will be one-third greater than if it were short- 
circuited at its terminals. This is because the total E.M.F. in circuit is 
‘doubled, while the resistance and self-induction of the circuit are only 
increased in the ratio of 3:2. Where three machines are feeding a bus- 
bar and a fourth is thrown on to the busbar directly out of step, the 
current is 50 per cent. greater than if the machine were short-circuited 
at its terminals ; and so on, as the resistance and self-induction of the 
machines in circuit with the busbar become less and less. The 
maximum effect will be obtained where a machine is switched on to 
a busbar fed by a very large number of generators. In this case, the 
current might rise to almost double the value it would attain on a dead 
short circuit; Ze, the forces which would come into play would be 
nearly four times as great. 

It will be seen that when we are dealing with forces of many 


Fic. 11.—Barrel Winding of Stator supported by Internal Ring of Metal 
bolted to Brackets. 


hundreds of pounds per foot run, especially when many coils are 
grouped together, very strong clamps are necessary to keep the 
windings in position. The old plan of tying coils together with 
torpedo twine and securing them with wooden blocks is wholly 
insufficient. One cannot hope to make a satisfactory construction 
without using strong metal clamps. This necessitates insulating the 
whole of the winding outside the slots with an insulation which is not 
only strong enough to withstand the whole testing pressure, but is of 
such a good mechanical nature that it will not be crushed under the 
pressure. of the clamps. 

It is convenient here to consider the various types of end connectors 
which are commonly employed on the windings of turbo-generators. 

There is first the barrel winding, in which all the coils are of the 
‘same shape and fit against one another, forming a continuous lattice- 
work (see Fig. 11). The advantage of this type of winding is that the 
field produced by some of the conductors is to a certain extent 
neutralised by the field produced by conductors lying near, so that 


FiG. 12.— Cast Metal Ring for support- 
ing Winding (British Thomson- 
Houston Company). 


Fic. 15.—Insulated Supporting Rings. 
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FiG. 13.— Method of Bracing Coils to 


Cast Metal Supporting Ring (British 
Thomson-Houston Company). 


Fic. 16.—Method of lashing Rings to 
Bar Winding (British Thomson- 
Houston Company). 
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the magnetic field over a great part of the coils is not as great as with 
other types of winding. The magnetic field, however, at the point c 
in Fig. 11, is as great as with any other type and, at this point, the coil 
is difficult to support. With this winding the conductors belonging 
to different phases lie next to one another, and it is very necessary to 
insulate the coil throughout its whole length with insulation strong 
enough to resist full pressure to earth. It is usual to impregnate the 
coils as a whole and to place them in open slots, the coil being secured 
by wedges in the top of the slot. Various methods are employed to 
secure the parts of the coils lying outside the slots. One very good 
method, employed by the British Thomson-Houston Company, is 
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Fic. 14.—Supporting Rings for Barrel Winding (British Thomson- 
Houston Company). 


shown in Figs. 12 and 13. A very substantial ring, supported on 
brackets, and cast with them, is provided immediately behind the wind- 
ing. This ring is well insulated and the formed winding is braced to it 
by means of circular metal bands placed over wooden clamps which 
are shaped to hold the coils. Figs. 14, 15, and 16 illustrate another 
method employed by the same firm for securing a barrel-wound 
armature. Here there are two rings wound with a considerable thick- 
ness of insulating material and held by brackets cast with the frame. 
These rings have some portions cut away, and it is thus possible to put 
them into the notches in the brackets, and after turning them through 
a small angle on their principal axis, to lock them at a point where the 
VOL. 45. 21 
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diameter is rather larger. The winding is then put into the slots and 
braced to the insulated rings, as shown in Figs. 16 and 17. 

Another type of winding is shown in Figs. 18 to 23. In this case the 
coils are concentric and are placed in 2 or 3 ranges, each phase being 
separated from its neighbour, and in addition to the insulation on the 
coils thick insulating blocks can be placed so as to separate all points 
between which a high voltage exists. This winding has the following 


advantages : The part of the coil lying in the slot can be made of 
perfectly straight conductors insulated with mica, or mica and paper 
impregnated and compressed so as to exclude all air from its composi- 
tion. These operations can be much more satisfactorily carried out on 
a straight coil. After the straight part is placed in the slots, the ends 
can be connected by connectors which have been previously insulated, 
and the insulation of the joints can be carried out with tape and 
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varnish in a thoroughly satisfactory manner. If ever it should be 
necessary to make a repair on the machine, a coil of this kind can be 
taken out of the slot without interfering with the rest of the winding. 
The end connectors, which are subjected to the great forces on 
short circuit, can be made of much thicker material than the remainder 
of the coil, and the shape of the section may be so designed as 
better to resist the mechanical forces. However strong the conductors 
themselves may be, reliance must mainly be placed on strong metal 
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Fic. 18.—Concentric Coil Winding in Three Tiers made with Rectangular 
Strap and Bolted to End Plate (British Westinghouse Company). 


clamps to resist forces due to a dead short circuit. Cases are on record 
where even the clamps, held by 1 in. studs, have been forced out of 
position and the winding wrecked. The clamps shown in Fig. 18 
are made by screwing bronze bolts into a cast-steel end-plate, a metal 
beam of a section designed to resist great forces is screwed down by 
means of nuts on the winding, and the various ranges are separated 
by hard wood blocks. In addition to the blocks between the ranges, 
wooden blocks are secured. between the coils. on those parts where 
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they emerge from the slots and also on the corners. Experience has 
shown that a winding of this kind, if carried out according to the best 
practice, is able to withstand repeated short circuits without any 


budging of the coils. 
Fig. 18 shows the winding on the 6,000-k.v.a. 11,000-volt generators 
Svaror kron 
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Fics. 24 and 25.—Imbricated Winding with External Clamps. 


of the Underground Electric Railways Company at Chelsea. This 
winding replaces the older winding shown in Fig. 9. It has been in 
service for four years, and has not given any trouble either from want 
of insulation or from distortion due to excessive mechanical strains. 
Fig. 19 shows the winding of the 6,000-k.v.a. generators built for the 


Fic. 19.—Winding of 6,000-k.v.a. 3-phase Generator (British 
Westinghouse Company). 


FIGs. 21 and 22.—Triangular Clamping Blocks on Winding of 2,000-k.w. 25-cycle 
Generator, 5,500 Volts (Brush Electrical Engineering Company). | 
Digitizea by NF (QJ 
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116. 23.—Armature Winding of 3-phase Generator with External Clamps 
(Dick Kerr & Co.). 
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London County Council. It is of the same type as Fig. 18, except that 
there are only two ranges instead of three. It illustrates well one of 
the latest methods of supporting armature coils. 

Fig. 20 shows a turbo-generator by Bruce Peebles & Co., also with 
coils in two ranges and fitted with stong clamps. Figs. 21 and 22 give 
two views of winding of a 2,000-k.w. 25-cycle 5,500-volt turbo-generator 
built by the Brush Electrical Engineering Company. Here the clamps 
are made triangular in shape, and held by three studs. Fig. 23 illustrates 
a winding by Dick Kerr & Co., which has been very successful in 
operation. 

The winding illustrated in Figs. 24 and 25 is of a rather different 
type. Instead of having two or three distinct ranges lying in different 
planes, the coils are placed obliquely and are imbricated one over the 
other. When secured by suitable clamps this winding can be made 
very strong and satisfactory. 

It is probable that when we come to build machines of much larger 


Fic. 26.—Armature Slot made with very Broad Lips in Order to Increase the 
Leakage and Lessen the Short-circuit Current. 


output and of few poles we shall be compelled (in addition to providing 
the strongest clamps possible) to restrict the current, the short-circuit 
current, by keeping down the ampere-turns in the field magnet, or by 
artificially keeping up the value of the self-induction of the winding. 
It is possible to keep down the ratio of field ampere-turns to armature 
ampere-turns, and yet secure extremely good regulation by adopting a 
suitable distribution of material in the machine. 

In order to increase the self-induction of the winding we may employ 
choke coils in series or we may increase the armature leakage by 
employing slots with semi-closed totas and very deep lips as 
illustrated in Fig. 26. 

In designing the winding for a turbo-alternator, the following 
considerations must be kept in view :— 


I. The insulation is of the first importance, and nothing must be 
introduced which will cause a surface creepage, even after the 
winding has become dirty. 

2. There must be plenty of space left for the circulation of air. 
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3. The conductors themselves must be sufficiently stiff to resist 

| the forces which come into play between clamps. 

4. The clamps must be sufficiently close together, and sufficiently 
rigid to resist the enormous forces which come into play on 
short circuit. 

5. Itis desirable, if possible, to arrange the coils so that one can be 
taken out without disturbing the rest of the winding. 

6. Where the machine is of such a size that the forces on the coils 
would be so great as to endanger the windings some device 
must be introduced to limit the current in case of an 
accidental short circuit. 


Short-circuiting of Direct-current Generators—When a direct-current 
generator running at full voltage is short-circuited at its terminals the 
current at first may reach an enormous value, but as the poles 
become weakened by. the cross-magnetising effect the current falls. 
This is particularly so in the case of a shunt-wound generator. A 
series-wound generator can be made with very low saturation and a 
strong series winding which would maintain an enormous current 
until it pulled up the prime mover. In most series-wound generators, 
however, saturation sets in comparatively early, and the cross- 
magnetisation and the resulting saturation of the armature teeth cuts 
down the voltage to a low figure after twelve or fifteen times full-load 
current is reached. The first rush of current, however, is limited only 
by the self-induction and resistance of the circuit, just as in the case 
of an alternate-current generator, and it may reach thirty or forty 
times full-load value. 

The harm done by currents in the case of direct-current machines 
has mostly been confined to the breaking of shafts, the leaping of 
‘cables from their supports, in the flashing over and burning of the 
brushes and commutator, and in the breaking down of insulation in 
the various parts of the system. It is not often that the armature 
winding is injured, because the current is divided up between a 
number of parallel paths and the armature coils in the end windings 
lie close. against one another, and cannot be moved very far by the 
attractions and repulsions which occur. 

The twisting-off of the shaft was a common accident in the early 
days of traction-generators. The modern practice of bolting the fly- 
wheel direct to the armature, and special designing of the shaft to 
stand a short circuit has reduced the number of accidents of this kind. 

The leaping of cables is familiar to all old dynamo testers, and 
should always be seriously considered as one of the things which may 
happen in the case of a short circuit. 

One case occurred within the experience of the author ona short 
circuit of a 500-k.w. 500-volt direct-current generator. The current 
from the machine was carried by two lead-covered cables, 2 in. 
outside diameter, weighing about 8 Ibs. per foot. The current went 
out along one cable and returned by the other. The cables were laid 
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on a shelf in a subway about 6 in. apart. When the short circuit 
occurred, the cables repelled one another with such great force that 
they flew apart and struck the walls of the subway on each side, one 
cable being thrown to the floor the whole length of the subway. It 
would probably take an initial force of 40 Ibs. per foot run to give such 
a great acceleration of the cables. Now the full-load current of 1,000 
amperes would only produce a force of o'og Ib. per foot run between . 
the cables. It would take twenty times full-load current to produce 
a force of 36 lbs. per foot run. 

Sometimes cables irregularly coiled on the test-plate will, under the 
action of these enormous currents (and possibly also from the action 
of opposing currents induced in the test-plate) spring up into the 
air like snakes, and may easily lead to other accidents. 

Flashing over between the brushes on direct-current generators 
and rotary converters in the event of a short circuit seems to be due 
to two causes, either of which may be the predominating factor in any 
particular case. One case is the failure of the machine to commutate 
the excessive load, and the other is the rise of pressure which occurs 
when the circuit breaker opens. 

If a machine fails to commutate, the arc between the commutator 
bars and brushes becomes drawn out as the commutator revolves, 
until it creates an arc between positive and negative brush-holders. 
Sometimes a spark under the brushes still keeps alight as a spark 
between commutator bars, and when the bars moving away from the 
neutral-point have a fairly large voltage between them these sparks 
grow into big arcs which combine together and form a single arc 
extending from brush to brush. This short circuits the field windings, 
and the voltage dropping, the arc most commonly goes out without 
doing more injury than pitting the brush-holders and the commutator. 

The opening of a circuit breaker carrying a heavy current is 
accompanied by a rise of pressure due to the self-induction of the 
series windings or the self-induction of the cables. The effect is some- 
times made worse by the peculiar properties of the arc which occurs on 
the circuit breaker. Steinmetz has shown * that when the capacity 
and self-induction of the circuit in series with an open arc in air have 
certain values, the rise in pressure may be measured in thousands of 
volts. Cases are not uncommon where on a 500-volt circuit the open- 
ing of the breaker has caused a discharge ito occur through an air- 
space showing a rise of pressure of from 10,000 to 20,000 volts. In one 
case within the experience of the author, a 500-volt direct-current 
generator, when a short circuit was interrupted by the breaker, flashed 
over from the series coils to the frame through a distance of & in. 
In another case, the circuit breaker on one of the feeders supplying the 
North Eastern Railway opened on a short circuit occurring on the line, 
and the self-interrupting property of the arc in air of which Steinmetz 
speaks was so effectual and sudden that the current in the feeder arced 


* Fournal of the American Institute of Electrical Engineers, vol. xviii., р. 385 (1901). 
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across from a stud on the back of the switchboard through a distance 
of 4 in. over a dry marble surface. Other cases are on record of arcs 
being created between one part of a switchboard panel and another 
under circumstances which show beyond doubt that when the 
conditions are suitable, enormous rises of pressure may occur. It will 
be interesting to hear the experiences which members of the Institution 
have had of cases of this kind. Unfortunately it is very difficult to 
make the phenomenon occur when we wish to experiment upon it. A 
generator or a rotary converter of large capacity seems to be necessary 
to produce the effect, and the effect may often be due to some 
accidental occurrence in the arc of the circuit breaker itself. 

The Underground Electric Railways of London kindly put at the 
disposal of the British Westinghouse Company an 800-k.w. 600-volt 
rotary converter in Baker Street Sub-station for the purpose of experi- 
menting on this phenomenon. Fig. 27 gives a diagram of the connec- 
tions which were made. А Duddell oscillograph was arranged to 
record the voltage either across the points A, B, C, or D at will, and at 
the same time record the current passing in the feeder. A cinemato- 
graph film was used running at a speed of 25 in. per second. In the 
current curves C, Figs. 28 and 29, a deflection of 1 in. corresponds to 
25,000 amperes in the feeder. For the volt curve, a deflection of 1 in. 
represents 1,750 volts. Adjustable spark-gaps were placed across the 
points V, W, X, Y, Z. 

A great number of experiments were made, but only a few of them 
are of interest in this paper. In some of these the current was 
limited by means of an iron rack placed in circuit with the feeder. At 
2,750 amperes, 5,800 amperes, and 8,000 amperes, nothing remarkable 
happened ; on only one occasion was any spark observed at the spark- 
gaps on the opening of the circuit breakers. On this occasion sparks 
less than т mm. in length occurred at the gaps V and X, but not at the 
others, and although the same current was broken in the same way 
a great number of times, the phenomenon could not be reproduced. 
Fig.28 shows the general form of the curve drawn by a current of 
7,000 amperes maximum as it is broken by the circuit breaker. It 
shows that when the knife switches were closed the current rose 
so quickly that in тебе of a second it had reached 3,000 amperes, and 
in 0'008 of a second it had reached substantially its full value of 7,000 
amperes. It remained almost constant for about =; of a second, and 
then as the circuit breaker opened it was gradually reduced to zero. 
The whole time from the closing of the knife switches to final breaking 
was only o'i4 second. The voltage curve V, gives the pressure 
across the circuit breaker. This curve is on a very reduced scale. 
The zero of the volt line is displaced for the sake of clearness. There 
.is, of course, no voltage across the breaker while it is closed, and the 
scale is too small to see any rise in voltage until just as the current dies 
to zero, when there is a rise which is roughly estimated at 300 volts. 

The most interesting curves, however, were obtained when the 
rotary was short-circuited through 270 ft. of feeder cable, consisting 
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Fic. 28.—Oscillograph Record of Current in Line and Voltage across Breaker 


when an 800-k.w. Rotary is Short-circuited through a Low Resistance. 


Current Scale... I in. = 25,000 amperes. 
Volts Scale . I in. = 1,750 volts. 
Time Scale ... 25in. = I second. 
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Fic. 29.—Oscillograph Record of Current in Line and Voltage across Breaker when 
an 800-k.w. Rotary is Short-circuited through a Short Length of Feeder. 
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of 61/12s. S. W.G. wires. Fig. 29 is a diagram for this experiment ; the 
maximum current reached was 14,000 amperes. As in Fig. 29, the 
current rises very suddenly ; so quickly, in fact, that the spot of light 
has hardly made an impression on the photographic film. The small 
vibrations at the beginning of the curve correspond to the frequency of 
the slots in the rotary converter, and are probably caused by the 
sparking on the rotary, which would probably have a frequency 
corresponding in some measure to the frequency of the rotary slots. 
The way in which the current falls to 10,000 amperes after obtaining its 
maximum, and then rises again in jerks to 14,000 amperes, is rather 
remarkable. These fluctuations are probably due to commutating 
conditions controlling the length of arc on the commutator, in that way 
affecting the voltage. It will be seen that the current crosses zero and 
goes to a negative value, the maximum of which is beyond the margin 
of the film. It then crosses zero again and goes to a positive value of 
250 amperes. Itthen goes negative again, forming an oscillation which 
has a frequency of about o‘oo16 of a second. It then goes negative and 
after certain fluctuations falls to zero. 

This oscillation of the arc is extremely interesting, and it is 
conceivable that with certain values of self-induction and capacity in 
the circuit, combined with the blowing-out action of the air arc which 
Steinmetz has described, it might give rise to very high rises of pressure 
on the circuit breaker. 

It will be seen, however, from curve V, that the voltage rise on the 
circuit breaker is not more than боо volts. There is, however, an 
oscillation of voltage which is exactly timed with the oscillation of the 
current. 

Although the rotary was short-circuited on this short feeder a 
` number of times in succession, the spark-gaps were not broken down. 
If thése experiments are reproduced again, means will be pro- 
vided of changing the self-induction and capacity in series with the 
rotary. 

The experiments show that unless these quantities have such a 
value as to give to the circuit a natural period of vibration which is 
in some way related to the peculiar operation of the arc, no serious rise 
of pressure occurs, even when a very large current is broken. 

It has been thought that the bringing of these matters before the 
Institution might lead to a fruitful discussion, 

I wish to acknowledge my indebtedness to the many firms who 
have kindly sent me photographs and descriptions of their armature 
windings. 


1910. WALKER: DESIGN OF TURBO FIELD MAGNETS. 819 


' THE DESIGN OF TURBO FIELD MAGNETS FOR 
ALTERNATE-CURRENT GENERATORS WITH 
SPECIAL REFERENCE TO LARGE UNITS AT 
HIGH SPEEDS. 


By MiLES WALKER, Member. 


(Pager received November 10, 1909, and read in London on March 10, 1910.) 


SUMMARY. 


This paper re-opens the controversy between the salient pole type 
of field magnet and the cylindrical type. Reasons are given why the 
latter type is better suited for obtaining the greatest possible output 
from a given diameter. The methods adopted by various makers of 
supporting the windings are described, and the possible limits of output 
considered. 


THE NECESSITY OF PROVIDING LARGE GENERATING UNITS OF HIGH 
SPEED. 

In the discussion which followed the paper by Dr. Kloss, “ Practical 
Considerations in the Selection of Turbo Alternators,’ before the 
Manchester Section of the Institution of Electrical Engineers in 
November, 1908, an argument arose as to whether the field magnets 
of turbo-generators should be made with salient poles or should be of 
the cylindrical type with a distributed winding. Some difference of 
opinion exists among designers on this point, and each method has 
been adopted in quite a large number of successful turbo-generators. 
In the opinion of the author the matter is one of great importance, 
because, in the future, makers of turbo-generators will be called upon 
to build machines of larger capacity than ever before contemplated, 
and the makers of steam turbines to drive them will call for extremely 
high speeds, so that the turbo-generator of the future will have to be 
capable of giving an extremely large output from a diameter which is 
not excessive, and will have to be constructed in a manner which 
permits of a high factor of safety. 

If we look at the growth in the kilowatt capacity of machines 
during the last thirty years, we are driven to the conclusion that the 
kilowatt capacity of large units in the immediate future will be as 
great as 15,000 or 20,000 k.w. In the year 1880 a 10-k.w. machine 
was considered large ; in 1885 a оо k.w. ; in 1890 a 300 k.w. ; in 1895 
а 500 k.w.; in 1900 a 1,000 К.у. ; in 1905 a 5,000 К.м. ; in 1910 we have 
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10,000-k.w. steam turbine-driven generators and 17,000-k.v.a. water 
turbine-driven generators. ; 

The cheapening of the cost of generation of electricity and the 
reduction in the capital required per kilowatt installed are already 
being felt in the widening of the field in which electricity is being 
used, sothat in the near future we may expect the output of electricity 
stations in all our large towns and manufacturing districts to be: 
enormously increased, and the great requisite will be large generating 
stations at low capital cost. For capital cost is one of the main items 
which go to make up the price at which electricity can be supplied. 
These large units will in many cases consist of impulse turbines of 
very high speed and very large capacity. 


THE SALIENT POLE ТҮРЕ versus THE CYLINDRICAL ТҮРЕ OF FIELD 
MAGNET. 


The author has therefore thought it would be well to open again 
the discussion upon the salient pole type and the cylindrical type of 


Fic. I. 


ficld magnet, and to consider the advantages and disadvantages of 
each of these types, with special reference to machines of very large 
output and very high speed. 

Let us consider first the essential features of a field magnet and 
the duties which it has to perform. We will take for granted that the 
field magnet is the rotating element, because it is difficult to support 
satisfactorily a rotating armature winding wound for a high voltage, 
and it is not desirable to collect current generated at 6,000, or 11,000 
volts from slip-rings. 

Fig. 1 shows a section through the iron parts of a stationary arma- 
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ture with the winding turbo-alternator. The duty of the field magnet, 
which we will take as having four poles, is to produce a magnetic flux 
which crosses the gap in a radial direction, and returns through the 
iron of the armature back to the core of the magnet. To produce this 
flux, we shall require a winding placed so that it produces a magneto- 
motive force in the direction indicated by the arrows in Fig. т. 

The Two Factors in the Output.—The output of a field magnet is 
proportional to the product of two factors:— | 


I. The cross-section of the iron of the path indicated by the 
arrows (Fig. r). 
2. The ampere-turns carried by the copper winding. 
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FIG. 2. 


The cross-section of the path would be largest if the rotor consisted 
of a solid cylinder of iron filling the whole space, in which case there 
would, of course, be no room for the copper. The ampere-turns would 
be greatest if the whole space were filled with a copper winding, in 
which case there would be no iron for the flux. The best theoretical 
arrangement would be a disposition of copper and iron something like 
that shown in Fig. т, in which the iron and copper are put in those places 
where they are most useful, and least interfere with the presence of 
one another. Such an ideal disposition of iron and copper would, of 
course, be difficult to carry out in commercial manufacture, but the 
type of rotor which most nearly approximates to this, will be the one 
which will give the greatest output in the smallest space. 

One of the main considerations which determines the arrangement 
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of iron and copper on a turbo-rotor is the necessity of supporting the 
parts against the great centrifugal forces. | 

The Salient Pole Construction.—The salient pole at first sight appears 
to offer very great facilities for supporting the copper winding, because 
it can be made with a projecting lip all round the pole. Fig. 2 
shows the field magnet of one of the 4-pole turbo-generators lately 
described before this Institution.* "This is mechanically a very good 
construction. 

In cases where it is decided to go to extremely high peripheral 
speeds, and additional support is required for the independent coils, 
the type shown in Fig. 3 may be employed. Here the coil on each 
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pole consists of four parts wound іп slots cut out of а solid steel 
forging. Or if it is desired to construct the pole of laminations, the 
type shown in Fig. 4 may be employed, and great mechanical strength 
at the same time obtained. Very successful turbo-generators have 
been built according to thé methods illustrated in Fig. 2, 5, and 4. 

. It will be observed, however, from these figures that there is 
between all the poles a space which is not utilised at all, and that is the 
very space where the copper winding should be, according to the ideal 
arrangement in Fig. т. This space can be utilised to a certain extent 
for the purpose of ventilation It is, however, frequently occupied by 
bronze coil supports which are found necessary to prevent side bulging 
of the coils. 

With the coils placed as shown in Figs. 2, 3, and 4, the cross-section 


* G. Stoney and A. A. Law: “ High-speed Electrical Machinery,” Fournal cf the 
Institution of Electrical Engineers, vol 41, p. 300, 1908. 
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of the pole is necessarily reduced, and therefore one of the factors of 
output (No. т above) is reduced. It will be seen that the reduction 
of the total flux of a generator reduces its output in a way that 
can never be quite compensated for by increasing the ampere-turns, 
because the capacity of the armature is in any case limited to a definite 
number of ampere-wires per inch of periphery on account of heating 
considerations, whereas the flux-carrying capacity of the armature iron 
can be extended by increasing the outside diameter of the punchings. 
A type of field magnet which very effectually gets away from the 
necessity of side supports for the coils is that shown in Fig. 5, where 
each pole consists of a number of round poles placed side by side on 
a central boss. This construction, however, has the drawback of still 
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further reducing the cross-section of the iron path, but it leaves a large 
amount of space available for ventilation. 

With the salient pole type the ends of the coils are easily supported 
by a projection from the ends of the poles. The coils, moreover, are 
comparatively simple in form and cheap to construct, and the length 
of mean turn is not great for a given cross-section of iron enclosed. 
The coils can be easily replaced. 

The Cylindrical Type Construction The advantage of the cylindrical 
type with distributed winding, as illustrated in Figs. 6 to 15, is that 
by placing the winding in slots between iron teeth we can utilise a 
great part of the periphery both for carrying flux and for carrying 
ampere-turns. In order to obtain a generator of good regulation, it is 
necessary to have the ampere-turns at no load upon the field magnet 
greater than the ampere-turns on the armature. Where the iron body 
of the: pole and the iron core of the armature offer very little magnetic 
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reluctance, it is necessary to introduce into the magnetic circuit some 
part, such as a large air-gap, which will offer a large reluctance, and 
enable the ampere-turns on the field magnet at no load to be of the 
required amount. It is therefore seen that the interference with the 
magnetic circuit caused by the slots in Fig. 6 is rather beneficial than 
otherwise, for the flux path being constricted in these teeth, there is 
a drop in magnetic potential just as there is in an air-gap. The teeth 
` and slots may therefore be taken to replace in some measure a large 
air-gap ; in fact, saturated teeth employed in this manner give an even 
better characteristic than an air-gap, as is shown in connection with 
Fig. 20 below. Again, the space taken up by the teeth does not 
seriously interfere with the space required for the copper, because the 
iron presents a large surface to which heat can be conducted from 
the copper, and in that way enables the copper to be worked at a 
higher current density than otherwise would be the case. 


FIG. 5. 


Thus we see that with the arrangement shown in Figs. 7 to 12 the 
iron and copper, though each, to a certain extent, encroaches upon the 
space required for the other, mutually assist one another. It will be 
seen, too, in Fig. 6, that the iron below the slots offers such a large. 
cross-section for the flux path that we can easily spare space for a 
number of large holes which traverse the field magnet from one end 
to the other, and supply air to a number of radial air ducts. Thus with 
the cylindrical field magnet we obtain a very large cooling surface on 
the insulation of the copper winding by which the heat can be carried 
from the copper to the iron, and also very large surface within the 
ventilating ducts, by which the heat can be carried from the iron to 
the air. 

It is found in practice that copper placed in such slots can carry 
twice as many ampere-turns per square inch as copper in a wound 
coil 2} in. in thickness. There is a distinct advantage in supporting 
comparatively small sections of copper winding in independent slots, 
because by so doing one can preserve a high factor of safety in the 
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pressures thrown on the insulating materials, and by avoiding a great 
number of successive layers of insulation one is able to avoid troubles 
due to shrinkage of the insulating material. 

A drawback to be set off against this is that the length of mean 
turn for a given area of iron enclosed is greater than in the salient 
pole construction. 

Methods of Supporting the End Connections.—The main difficulty with 
the early cylindrical field magnets having windings distributed in slots 
was the supporting and cooling of the connections from one slot to 
another at each end of the rotor. Various methods have been adopted 
for making these end connections. One type is illustrated in Fig. 7 in 
which the connections form a barrel winding, similar to that used on 
direct-current armatures. This type has the following advantages : 


All the conductors are made of the same shape, and the connections 
between them are very easily made by means of thimbles placed over 
the ends. The insulation of the winding can be carried out very 
effectually, and when well constructed and secured by wire or solid 
metal rings placed over the end connections, it preserves its balance 
extremely well. 
Another type is shown in Fig. 8. This consists of concentric coils 
and is perhaps the best type of winding to employ where the exciting 
current is small (say 50 to 100 amperes supplied at a high voltage), and 
where, therefore, a great number of comparatively small conductors 
must be placed in each slot. This winding may be supported by a 
metal ring placed over the ends, as shown in Fig. 8, or by means of 
a sheath strengthened by numerous rivets or bolts. 
Another method of supporting the end connections is shown 
diagrammatically in Fig. 9. Here the end connections consist of 
copper straps bent into the required shape, insulated from one another, 
and assembled so as to form a solid fan-shaped block. Four of these 
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blocks are mounted on a saddle and V-shaped grooves are cut as 
shown in Fig. ro. The whole is then assembled between steel cheeks 
having V-shaped protections, mica V-rings being placed in the 
grooves, just as in the construction of a direct-current commutator. 
Fig. 11 shows the assembled end connectors being pressed on to a 
field magnet on which the field bars have already been placed in the 
slots. Fig. 12 shows a field magnet completed. A great number of 
field magnets have been constructed in this manner on machines 
intended for very high peripheral speeds, and they have proved very 
satisfactory both mechanically and electrically. 


(a) (4) 


(c) (4) 


FIG. 135. 


` The important points to be aimed at in the designing of the wind- 
ing of turbo-generator field magnets are as follows :— 


I. Although the field magnet is excited at a comparatively low 
voltage—125 or 240 volts—the insulation must be carried 
out with the very greatest care. It is found that the dust . 
which settles on the revolving parts of turbo-generators 
can, under certain circumstances, be so highly compressed 
by centrifugal forces that it becomes a much better 
conductor than the dust found on slow-speed machines. 
Cases have been experienced where pressures as low as 
50 volts have caused the current to leak over considerable 
distances of dirty insulation. 

2. The insulation should be of such a nature that it does not 
permit the conductors to move in a radial direction after it 
has become dry. 


828 WALKER: DESIGN OF TURBO FIELD MAGNETS [March 10th, 


3. Allowance must be made for expansion and contraction of the 
copper. 

4. Provision must be made for the cooling of the end connectors. 

5. The design should be such that a repair of one part of the 
winding can be carried out with as little disturbance as 
possible of the remainder of the winding. | 


Field Form.—The flux distribution on no load on the face of the 
armature of a salient pole machine is shown in Fig. 134. At full load 
the field becomes distorted as shown in Fig. 13B, and if the armature is 
constructed with open slots, there is a tendency for the peak in the 
wave of the field form to produce ripples in the E.M.F. wave-form. 
These ripples, though of little consequence in the operation of most 
alternating-current machinery, may give rise to dangerous voltages 


FIG. 14. 


when the generator i is feeding a large system of cables, whose capacity 
happens to give to the system a natural period of vibration correspond- 
ing, or nearly corresponding, with the frequency of the ripples. For 
this reason armatures provided with open slots are not as good as 
armatures with semi-enclosed slots unless the number of slots per pole 
is very great, the air-gap very long, or the field-form entirely free from 
peaks, such as shown in Fig. 134. Ripples which on a no-load wave- 
form are scarcely perceptible may, when the capacity of the circuit 
assumes, a certain critical value, be exaggerated, so that the E.M.F. 
wave-form assumes a shape like that illustrated in Fig. 14. In this 
case the crest-factor * may be very greatly augmented and a serious 
pressure thrown on the cables. An E.M.F. wave-form closely 
resembling a sine wave-form and free from ripples both at no load 
and on full load is of considerable commercial importance. 

* “Crest-factor” is a term proposed by Dr. Gisbert Kapp for the ratio between the 


maximum value and the square root of mean square value. In the original paper the 
author used the term “form-factor.” 
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Let us take an example: When a designer of a distribution system 
is deciding upon the voltage which: he shall adopt for his high-tension 
transmission, he considers all the risks of breakdowns to his cables and 
apparatus, and chooses that particular voltage which in his mind is the 
most suitable for his requirements. If he choose a higher voltage he 
will save copper; if he choose a lower voltage, he will make his 
insulation safer. Now suppose that he fixes upon 6,600 volts, and then 
buys a generator which has a crest-factor under certain conditions of 
load of г’. With a crest-factor of 1'9 on a virtual voltage of 6,600; 
the maximum voltage on his cables will be 12,500. This is the voltage 
which the insulation has to stand. If he had bought a generator 
with a true sine wave-form, whose crest-factor is only 1°41, he could 
with equal safety—so far as insulation is concerned—have employed 
a virtual voltage of 8,900. In so doing he would have saved 50 per 
cent. of the copper in the mains. 

The field-form of the cylindrical type of field magnet with a distri- 
buted winding is shown in Fig. r3c. The dotted line shows the 
distribution of magneto-motive force along the air-gap. The full line 
shows the form taken by the field. It will be seen that owing to the 
saturation of the teeth near the centre of the pole the corner of the 
field-form is nicely rounded off. Fig 13D shows the full-load field. 
form. Here again we have a nicely rounded curve free from elevated 
peaks. In order to arrive at the wave-form of E.M.F. yielded by a 
generator of this type of field, it is necessary to take a number of these 
field-forms, corresponding to the number of slots in 2 phase-bands of 
a 3-phase armature, displaced from one another by the amount of 
difference in phase between the various slots and to make a summation 
of them all. This yields an E. M.F. wave-form so nearly approximating 
to a sine wave as to be hardly distinguishable dis it at no load, and at 
full load it only suffers a slight distortion. 

Voltage Regulalion.—In order to make an ordinary alternate- 
current generator regulate well, it is necessary to have a large ratio 
between the ampere-turns on the field and the ampere-turns on the 
armature. With turbo-generators it is not usual to have this ratio 
greater than 2; in many turbo-machines it is considerably less. In 
these cases it is usual to saturate the field magnet to a fairly high 
point, so that when the load is thrown off the extra ampere-turns in the 
exciting coils which were necessary to keep up the voltage on load 
shall not be able to create too great a rise in voltage. There is con- 
siderable danger in employing a very highly saturated field magnet, 
because it is always difficult to be sure of the quality of iron, and if the 
saturation is carried too far, it may be found impossible to obtain the 
voltage of the machine on heavy loads at a low power factor. 

It is important in this connection to consider at what part of the 
pole the saturation occurs. If the generator is of the salient pole 
construction and the saturation occurs at the root of the pole, there is 
much more danger of being unable to obtain full voltage than if the 
saturation occurs in teeth distributed near the periphery field of the 
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magnet. The reason of this is that the leakage is greater with the 
salient pole than with the cylindrical type. The leakage flux from the 
pole combines with the working flux in producing the saturation, and 
as the leakage flux is almost proportional to the ampere-turns on the 
pole, we increase the leakage and consequently the saturation at the 
same time that we increase the field current. 

Fig. 15 shows the shape of the saturation curve of a machine with 
salient poles both at no load and at full load, where the saturation has 
been designed to be rather excessive, It will be seen that at heavy 
load on a low power factor the saturation curve is almost asymptotic 
to a horizontal line, so that though the field current may be raised to 
very high values, the voltage cannot be increased beyond a certain 


Volts. 
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Fic. 15.—Salient Pole Saturation Curves. 


point. Fig. 16 shows the shape of the saturation curve of a generator . 
with a cylindrical field with highly saturated teeth both at no load and 
on alow power factor load. Here the curve never becomes asymptotic 
to a horizontal line, because at the worst the space occupied by the 
copper and teeth will operate as a long air-gap, and there is no 
saturation in the body of the pole. 

An important advantage of the cylindrical type field magnet is that © 
it is easy to arrange it so as to embody the compensating principle 
described on a previous occasion,* and make the armature reaction 
strengthen the field. This enables good regulation guarantees to be 
made without necessitating a very great ratio between the ampere- 
turns on the field and the ampere-turns on the armature. With this 


* Fournal of the Institution of Electrical Engineers, vol, 34, p. 402, 1905. 
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type of machine it is possible to get good regulation (2 per cent. at 
unity power factor and 12 per cent. at о'8 power factor) even with 
the ampere-wires per inch of periphery as high as r,ooo. It is also 
possible to employ a flux density in the air-gap as high as її Карр lines 
per square inch. From these two quantities it is easy to calculate 
the possible output of a 4-pole generator running at r,500 revs. per 
minute. Suppose that we decide not to go to a greater diameter than 
44 in., or to a greater length than 7o in., though these figures could be 
increased by adopting special construction. 
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Fic. 16.—Cylindrical Field Saturation Curves. 


The possible output is easily calculated from the following con- 
siderations :— 
Let— 
Вк = maximum Kapp-lines per square inch in the air-gap. 
P x the periphery of the rotor in inches. 
l = the length of the rotor in inches. 
W == total conductors in all three phases. 
A — the amperes per phase in a 3-phase generator. 


Then— 


Volts = 04 X revs. per minute х W x Bg X P xX X 1074. 
Output in kilovolt-amperes = amperes X volts X 1°73 
|. = 0'69 X revs. per minute x A X W X Bg x P x I x 10. 


Taking A x W at 1,000 X P and Bx at 11, we get— 


Output = 0:69 X 1,500 X 1,000 X 140 X II X 140 X 70 X 1075 
— 15,500 k.v.a. 


Mr. 
Chamen. 
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By adopting special ventilating arrangements which will permit the 
bearings to be brought near to the ends of the rotor iron, the length of 
the rotor can be increased beyond уо in. without giving the critical 
speed an unsuitable value. Then the output can be increased in pro- 
portion. Again, if we are content to have a poorer regulation we can 
increase the ampere-wires per inch of periphery considerably beyond 
1,000, and in that way still further increase the output. 

In the above I have considered only the 4-pole machine. The 
outlet of a 2-pole generator is very much smaller, because the iron 
in the body of the pole becomes saturated long before the density in 
the air-gap reaches r1 Kapp-lines per square inch, and the ampere- 
turns cannot be made as great. With a 4-pole field it is possible to 
work as high as rr: Kapp-lines without incurring any trouble from 
unbalanced pull, because with the compensated type of generator the 
density in the gap is almost independent of the length of the air-gap. 
The rotor illustrated in Fig. 12 is for a 4,000-k.w. generator built for 
the Glasgow Corporation. It holds its voltage constant within 2 per 
cent. from no load to full load at 0'93 power factor. In this machine 
the density in the air-gap is 11 Kapp-lines, and by actual trial it was 
found that there was no serious unbalanced magnetic pull with a radial 
displacement of 4th in. An important feature of this type of rotor is 
that while it gives good inherent regulation at ordinary power factors, 
the armature current on short circuit can be made quite small—that is, 
I'5 times full-load current for the permauent value and about то times 
full-load current for the instantaneous value. The low value of this 
current is of importance when we have to design the windings to 
withstand the forces to which they are subjected at the instant of 
short circuit. Б 


DISCUSSION. 


Mr. W. A. CHAMEN : Personally I am more than usually interested 
in these papers, because I have a 3,000-k.w. alternator designed by the 
author, and although we have had one or two short circuits, and have 
been rather alarmed at the noise and dust from the alternator when 
short circuits occurred on the distribution system, making one think 
that it is smoking, we have never had a breakdown. I think that 
speaks volumes, particularly when I tell you that it is very probably 
the first 2-pole alternator of 3,000-k.w. capacity running at 1,500 revs. 
per minute. There are plenty of 4-pole machines, but I have not 
been able to find any 2-pole machines of that size. As the author says, 
the strains in a 2-pole machine are very much greater, and the strains 
in our case certainly were very remarkable. We knew before the 
alternator was put in that we should have these strains to deal with, 
and I therefore took some trouble to look into the question of the 
clampings and fixings employed, and I am bound to say that I did not 
think anything could happen even if we did have a short circuit. Asa 
matter of fact, the big inch studs holding the clamps have been bent in 
various directions and the coils themselves have been pushed out of 
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place, but по breakage of the insulation or anything of that kind has 
occurred. Of course, we feel that something further is required, and 
after the careful investigations the author has made, I feel quite sure 
that he will succeed in putting our alternator into such a condition that 
even these movements cannot take place. There was one point at the 
end of the first paper that interested me greatly, dealing with direct 
currents. It is very interesting to read of these cases of leaping 
cables. It carries one back to what happened with underground mains 
some years ago in the days of copper strip. Irecollect one case in 
Glasgow, where a bad short circuit occurred on some copper strips 
laid on supports about a yard apart. The strips were each about r-in. 
wide and }-in. thick. A heavy short circuit occurred, resulting in their 
being festooned outwards all along the street. We had to take them 
allout. The cables coming from Glasgow Corporation main generating 
stations were laid in iron troughs fixed on a kind of bracket frame, with 
no clamping at all. These were big cables with 1 sq.in. conductors, and 
although there were occasional short circuits, there was never any case 
of movement. I suppose the reason is that the cables were concentric. 
The surging effect on breaking a continuous current I have never in- 
vestigated, but I am well aware that it exists. In Glasgow I had a case 
where in starting up a 3-wire generating station the two dynamos were 
accidentally run up in such a way that the 3-wire system instead of 
working in the proper way was working with the middle wire as a 
common return for the two others. Not wishing to stop the supply, I 
had arranged that late at night, when the load had gone down con- 
siderably, the wrong side of the system was to be suddenly switched 
out and then reversed by switching on to the battery. At the instant 
of performing the operation one of the cables broke down. There 
was no reason why it should have broken down except from a surgc. 
It was afterwards found that there was a constructive fault causing a 
weak place in the cable, which was the place where the actual break- 
down occurred. I think that is exactly a case in point like that 
mentioned by the author. 

Professor SILVANUS P. THOMPSON: There are not very many elec- 
trical engineers who would Ье able to speak on these subjects with the 
authority and power with which the author speaks, for the very good 
reason that there are not very many electrical engineers in the world 
who, in the first place, have the opportunity of designing large turbo- 
alternators and turbo-generators in the works under their control, 
where they can try experiments on short-circuiting them ; and who, 
in the second place, if they have the opportunity of designing, testing, 
and experimenting with machines on such an enormous scale, have 
the ability and the permission to publish the result of their labours. 
These papers, like the onc that was recently read by Mr. Hope-Jones 
before this Institution, show us what a valuable tool of research in 
every branch of electrical engineering the oscillograph has proved 
itself to be. Thanks once more to:the oscillograph, we know a great 
deal more of what happens ata big short circuit than we knew before, 


Mr. 
Chamen, 


Professor 
Silvanus 
Thompson. 


Professor 
Silvanus 
Thompson, 


884 WALKER: PAPERS ON SHORT-CIRCUITING [March 10th, 


and knowing what happens we have the best means for preventing 
accidents caused by such short-circuiting. The arguments їп the first 
paper about the surprising amount of the rise of current at the 
moment of short circuit take some of us, I have no doubt, back to 
the troubles there were years ago in central stations using alternating 
generators. These were of much smaller sizes than at present, and yet 
a short circuit, if it did occur, was a most terrible thing because it 
upset the whole station. I remember perfectly well years ago dis- 
cussing in the old station of the City of London Electric Light Com- 
pany the effect of the breakdown of some of Mr. Mordey's early form 
of alternators, which then were the last new thing ; and I expressed 
the opinion—as the result of the effects of the distortion of the con- 
ductors—that the short-circuit current had been twenty to thirty times 
as great as the ordinary full-load current. That opinion, purely based 
on the mechanics of the thing, was hotly disputed at the time, not so 
much by Mr. Mordey himself as by Mr. Raworth, who stoutly main- 
tained that the short-circuiting current of these machines was only two 
or three times their normal full load. They had tried it; they had 
short-circuited their machines when these were running round un- 
excited, and then gradually increased the excitation until the excitation 
was equal to the normal excitation, and the short-circuiting current 
under those conditions was only two or three times the ordinary 
full-load current. I admitted it was so probably in their experiments, 
but I still maintained, without any other evidence, that it must have 
been very much greater—that it was twenty or thirty times. I do 
not say they laughed at my opinion, but my opinion was certainly 
discounted. I was never able quite satisfactorily in my own mind to 
explain the discrepancy until I saw the author's paper on the subject, 
but it is now evident that the demagnetising effect of the short-circuit 
current has not time to come into play during the first moments of 
short-circuit, and therefore, because the field magnets have not time 
to become demagnetised, the short-circuit current is, as he says, 
twenty, thirty, or more times as great as the ordinary full-load current. 
The discrepancy is now quite cleared up. Another matter of some 
interest is the reaction which occurs in alternators with laminated 
field magnets, where, as there is no eddy current in the polar masses 
to take up the burden of the reaction, the reaction pumps itself into 
the exciting circuit, and the exciting coil does its best to recover the 
situation, and grows to double value at the first moment. At the begin- 
ning of the second paper the author told us—and we smiled at the 
beauty of it—that the proper thing in the first place was to fill the 
entire space of the rotor with iron, and secondly to fil the entire 
space with copper ; that each required as much space as it could get. 
Then he gave us a picture of an unrealisable ideal, a 4-pole rotor 
with the copper in the right place, but impossible from the mechanical 
point of view. It rather reminded me of something that was said 
years ago about the use of field magnet windings. The use of field 
magnet windings was to drive the magnetic flux across the air-gap ; 
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obviously therefore the exciting coils ought to be wound round the 
air-gap and not round the iron. Mr. Eickemeyer tried to do it, and 
he was quite right theoretically ; but purely mechanical considerations 
made it difficult to realise the ideal. But now the author has shown 
us how much nearer we are getting to the ideal if we adopt the 
embedding of the exciting coils in peripheral slots instead of winding 
them round discrete salient poles. 


Here I am going to quarrel for the first time with the author, but. 


only over a very small point. Не has been talking to us about the 
“output” of a field-magnet. I do not want words used in two mean- 
ings. I thought *output" was always a question of kilowatts, but 
the author does not mean that at all. He means the biggest effect 
that can be got out of a field-magnet, proportional therefore to its 
magnetism, the flux, and to the ampere-turns that drive that flux. 
I think we ought to call that the “duty” of the field-magnet and 
not its “output.” The duty of a field-magnet is not only to 
provide a flux but to provide that flux with a sufficient magneto- 
motive power behind it to hold it up against the reactions. If we 
translate that into dimensions, or, as the author says, into area, we 
shall require for the flux a certain area of iron and for the ampere-turns 
a certain cross-sectional area of copper. The area of the iron is pro- 
portional, other things being equal, to the diameter and to the length 
of the rotor ; the cross-section of the copper, other things being equal, 
of similar construction, is proportional to the square of the diameter 
and independent of the length. If we multiply those two factors 
together to get the duty of the rotor, the duty of the rotor is pro- 
portional to the cube of the diameter and to the length, which shows 
us that it is much more important if we want to get a good duty out 
of a quantity of material to increase the diameter than to increase the 
length. By increasing the diameter the effect goes up in proportion 
to the cube of the increase ; by increasing the length it is proportional 
simply to the increase. Ifthe length be increased by 5 per cent. the 
duty of the rotor is increased 5 per cent.; but if the diameter be 
increased by 5 per cent. the duty of the rotor is increased by 15 
per cent. That is not unimportant, I think, in connection with the 
designs for large machines. 

The author spoke about the compensated winding which he 
described to us in a paper* the importance of which I think the 
world has not yet really understood. I would ask him to describe his 
method of adapting this plan of embedding in slots to the production 
of his compensated winding which has so many virtues. It is no small 
gain, I think—at least if we take these figures as being partly the result 
of the compensated field magnet winding—to be able to increase the 
specific load of the armature in the way in which the author has been 
enabled to do. One is accustomed in ordinary constructions to say 
that the top limit for the specific loading of an armature is somewhere 
of the order of боо, or possibly 650 ampere-wires per inch of periphery ; 

* Fournal of the Institution o, Electrical Engineers, vol. 34, p. 402, 1905. 
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but now we go all of a sudden up to 1,000, and even that is not the 
limit to which we may go. We may have 1,000 ampere-conductors per 
inch of periphery, and yet not have such an amount of distortion or 


.demagnetisation as to make a machine a bad-regulating one, even when 


the ampere-turns per pole of the field magnet are not more than one 
and a half times the ampere-turns per pole of the armature at full load. 
That is a very remarkable result ; and if this greatigain in the magnitude 
of the specific loading is due to the use of the particular form of rotor 
that he suggests or prefers, and to the compensated winding, it marks 
a real advance. Anything that enables us to use that bigger specific 
loading clearly adds to the output in proportion to the size, and brings 
down the prime cost of construction. The author put emphasis quite 
rightly upon the advantage of not having ripples in the electromotive 
force curve. He remarks that ripples are a matter of commercial 
importance. But why should there be any ripples? If a field magnet 
be built up with a nearly smooth peripheral outline, and with several 
slots per pole per phase, I do not see that there need be any ripples, 
provided advantage be taken of a thing that is perfectly well known ; 
that even comparatively strongly marked ripples can be smoothed out 
by the mere device of not having the slots in the armature exactly 
parallel to those in the rotor; one or other of them may be slightly 
skewed round. I know that this will add to the difficulties of produc- 
tion, but in smaller machines it is a common thing to have the slots not 
exactly parallel to the axis but set askew, and this will cure all the 
ripple troubles if there are any. 

There is one other little point of criticism which I must mention. 
I do not like to hear the term “form factor” used for something else 
than that which we all know as form factor. The form factor of an 
alternating wave as given in all the text-books is the ratio between the 
square-root-of-mean-square value, and the average value. For a sine 
curve the form factor is the ratio of 0°707 to 0:637, or about 1°1 ; but we 
had the term “form factor " used to-night in an entirely different sense 
as the ratio between the peak value and the root-mean-square value, 
what Arnold calls the “ Scheitel-faktor," the thing on which depends, not 
the virtual electromotive force, but the piercing value, the value which 
tends to break down the insulation. ‘The author should not call it.the 
* form factor " when that term is already used for something else. 

Мг. Н. M. HOBART : The author states on page 304 of his paper that 
in one machine which he tested the magnet cores were solid, and that 
in that case the current in the exciting circuit, instead of rising from 
Ше instant of the sudden short circuit, decreased at first, but in the 
case of a machine with laminated magnet cores, the current increased 
in the exciting circuit from the moment of short-circuiting. Some 
years ago I tested six 5,000-k.w. machines at a Continental works for 
this sudden short-circuit effect. In that case, the pole-shoes were 
laminated but the magnet cores were solid, and the current in the 
exciting circuit increased from the instant of short circuit. The 
machines were in some ways very different from those dealt with by 
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the author, because they were not for such high speed. They were 
5,000-k.w., 300 revs. per minute 20-pole machines, so that the forces 
that came into play could be much more readily dealt with by 
reasonable mechanical construction, than in the case of 4- and 2- 
pole machines of the same capacity, but for steam-turbine speeds. 
Nevertheless, the machines were exceedingly interesting, and I call 
attention to this point of difference because it may lead to some useful 
comment from those present as to why, in the case of my machine, the 
current rose, and in the case of the author's machines with solid magnet 
cores, it fell. In my machine the current in the exciting circuit rose 
rapidly to something like two or three times the normal value at which 
it had been adjusted previously to short-circuiting the armature, and it 
suggested to me that the whole phenomenon might be modified with 
advantage to the machine, by putting in the field а cut-out, which 
should operate when the current had risen to a value some 5o per cent. 
greater than the normal exciting current. I suggested that at the time, 
but it was never acted upon. These machines were not, as I have 
pointed out, very extreme. Most of the disastrous occurrences have 
taken place within the last few years, and I find that there is a general 
impression that the phenomenon has not been known for very many 
years. Asa matter of fact, it was unknown to me prior to taking this 
work in hand six years ago. My instructions were to test the machines 
for the sudden short-circuit phenomenon, and that was the first time 
my attention was drawn to the matter. It is interesting to note that at 
that comparatively early date (probably others will mention earlier 
dates in the course of the discussion) the specification to which I was 
required to test these machines had a clause reading as follows : “ The 
generator, when running at full speed and rated load, shall be able 
to withstand a short circuit at its terminals, without displacing its 
windings or occasioning any other mechanical injury in any part of the 
generator." The date of the specification was 1903, and I made the 
tests in 1904, when the machines were completed, and all six of 
the machines passed the test perfectly. There is nothing very remark- 
able that the tests should have been successfully withstood, for in that 
case the machines were constructed from the point of view of avoiding 
any such occurrences, and the purchasers evidently had had experience 
of the matter in still earlier years, i.e., prior to 1903. Consequently, we 
may safely say that knowledge of the phenomenon and of satisfactory 
mechanical designs to withstand short-circuiting, dates back at least 
eight or ten years. In fact, Professor Thompson suggested it many 
years ago, and in the machines I mention we have a case a good many 
years ago, where it was evidently recognised that trouble had occurred 
in practice. At the time the matter was so interesting to me that an 
article was written by myself and Mr. Punga* fully describing the 
machines and the tests on sudden short circuit. My proposed remedy 
is described in an article by Mr. Punga.] In these two articles are 


* Elektrische Kraftbetriebe und ш vol. 5, рр. 541, 567, 588, апа бї 1907. 
(T Electrician, vol.-57, p. 765, 1906. 


Mr. Hobart. 


Mr. Hobart. 


Mr. Cooper. 


` 888 WALKER: PAPERS ON SHORT-CIRCUITING [March 10th, 


described just such phenomena as the author has described in his 
interesting paper, though less in detail, because most of my tests were 
carried out from the rough commercial standpoint, whereas his tests 
have been made with deliberation and have evidently occupied a good 
deal of time. We made tests with the oscillograph, and got the ripples 
which he described, ibut what was most remarkable to me was the 
lasting proclivity of this current. It took a considerable fraction of a 
minute to die down. It must have taken anywhere from 15 seconds 
to 30 seconds for the current to fall from its initial value of some eight 
to ten times the rated current, as determined by ordinary rough switch- 
board instruments, down to normal short-circuit value of some three 
times the rated current. On a later occasion on which I encountered 
an interesting experience of the breakdown of the end connections of 
a large turbo-driven alternator, my observations of the utter wreck 
occasioned in a machine designed without any knowledge of these 
phenomena, fully confirms the author's experience with his machines. 
The deplorable part is that it should be necessary for each manu- 
facturer independently to gain his own experience at so great a cost, 
even after the phenomena are well known in many quarters. 

Mr. J. S. S. COOPER : The problem of adequately supporting and 
clamping the windings to resist the shocks 
due to faulty switching, or to accidents in 
the-distributing system, has risen to its pre- 
sent prominence only since the advent of 
large turbo-alternators. The phenomena 
observed have provided a series of disagree- 
able surprises for designers, as each succeed- 
ing champion winding has been laid low 
by the enormous sudden forces which 
characterise the effect in question. In the 
design of a winding, a first controlling 
factor is the shape of the slot. Many wind- 
ings, for example those shown in Figs. 13, 
24, and 25 in the paper, are suitable for 
open slots only. The semi-closed slots have 
many advantages too valuable to be easily 
abandoned, and very good windings have 
been developed especially for use with 
them. Figs. 18 and 19 in the paper show 
one which has proved very satisfactory. 
An easily clamped winding suitable for open 
slots has been produced by the American 
Westinghouse Company. А view of it is 
shown in Fig. А. It is an involute winding 
in one tier, with all coils alike, and asthere 
is no spacing between different phases, the 
coils must be insulated for full voltage. The coils are made in halves, and 
are dropped in the slots and secured in the usual way by wedges. The 
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half-coils are then connected up at the outer ends. The whole is very Mr. Cooper. 
flat and compact, and is exceptionally well held by the simple radial. 
clamps. A side view of a clamp with its coil is seen in Fig. B. It 
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will be noted that the bolts are quite short, a feature that adds consider- 
ably to the stiffness of the winding as a whole. At the beginning of 
his second paper Mr. Walker has explained an ideal distribution of 
rotor material. Departures from this ideal are necessitated, not only by 
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the problem of holding on the copper, but also by the requirements of 
ventilation and the need of a shaft. Jf it is desired to extend as far as 
possible the output for high speeds, the general question of mechanical 
strength is one of the first to be considered. The laminated type of 
rotor shown in Figs. 6, 7, 11, and 12 has in this connection the very 
valuable feature that the iron is an integral piece from the pole surface 
right down to the shaft. Other designs often embody the dovetailing 
or keying on of either poles or pole-tips. While entirely satisfactory 
machines have been built with these methods, it is obvious that such 
machines must reach a mechanical limit sooner than those in which 
there are no joints to pull asunder. Another jointless construction is 
the forged steel field, of which an example is seen in Fig. 3 in the 
paper. This type has recently been developed to a remarkable extent 
by the American Westinghouse Company. Itis plain that the existence 
of a hole for the shaft is a possible source of weakness, so the first 
step was to forge the shaft up in one piece with the rotor. Withlarger 
sizes this became too formidable a task, and for 4-pole fields the 
next step gives the construction shown in Figs. C and D. The field 
is in two halves, each forged in one piece with half of the shaft. The 
two are registered together by a spigot, and held by three large bolts 


running through the face of each pole. 
In other cases this method has been 
P ot We modified by introducing a main central 

; ortion of the field, to each end of which 
11 is bolted a short length, which;is forged 
f ÉN \ with one end of the shaft. In a 2-pole 
(X7 J field the shaft interferes seriously with 


the space available for winding. This is 


77 7 seen in Fig. E, where the shading indi- 
ГГ cates the ud of the field that Cad be 
DUM [ДИР wound. If the shaft could be removed, 

| the winding might be extended over the 

Fic. E. space between the two shaded areas. 

This has been done in the manner shown 

in Figs. F and G. It will be seen that the field proper consists of a 
simple cylindrical forging of steel, the winding of which, sunk in 
machined slots, is carried right across the centre. After this part is 
wound, the flanges which carry the shaft are fastened to either end of 
the field cylinder by massive screws, four in number, placed in the field- 
face where the winding does not extend. If these flanges were of 
magnetic material, they would cause excessive magnetic leakage. They 
are therefore made of bronze. In the case shown in the figures, the 
shaft ends in a boss, which is machined up very much like a huge bevel 
wheel with dovetailed teeth. The bronze is then cast round this boss, 
filling the dovetails between the teeth and making a rigid connec- 
tion. In other cases the flanges have been shrunk or pressed on the 
inner ends of the shaft. The rigidity of this apparently bold construc- 
tion is shown by the fact that in running up to a speed of 3,000 to 
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3,600 revs. per minute the first critical speed is never reached. In Mr. Cooper. 
machines which have a through shaft of the ordinary kind carryigg 
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the field, there is often some difficulty in getting the critical speed up 

to the necessary бо or 70 per cent. of the running speed. Machines 

of the type shown have now been built with an output of between 
VoL. 45. 28 
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Mr.Cooper. 2,000 and 3,000 k.w. at 3,600 revs. per minute. This, of course, 


Mr. Law. 


has never been approached by European makers, but it is only fair 
to say that in general this type makes a larger machine for a given 
output than does the laminated smooth-core type of field advocated 
in the paper. The author's method of compensation * has proved 
eminently well suited for use in turbo-alternators. A very considerable 
number of these machines is now in operation, and on ordinary loads 
it is found that there is no need whatever for special regulating devices. 
It is to be noted that this result is achieved without making a short 
circuit any more dangerous than in the case of a rather poorly regulating 
machine. An ordinary machine of good regulation would probably 
suffer more from such a mishap than one of the compensated type. 
The compensation is also instantaneous, a result not to be attained by 
outside regulators. One of the machines referred to in the paper is 
now installed in a large station together with machines of standard 
type, with which it runs perfectly in parallel. It is interesting to note 
that this compensated set has become the especial pet of the night- 
shift switchboard attendants, who appreciate the privilege of leaving |. 
the rheostats in peace, and knowing that the voltmeter needle will rest 
tranquilly on its mark. 


DISCUSSION AT MEETING OF March 17, I910. 


Mr. A. H. Law: I think we are all agreed that the two papers which 
Mr. Miles Walker has contributed to the Institution records this year 
leave very little to be criticised, but I think probably some of us can 
add a certain amount from our own experience which may be of interest 
to the members of the Institution. With regard to Mr. Walker's paper 
on the designs of rotors I have very little to say. I should just like to 
mention that, as Mr. Walker in his other paper refers to Mr. Charles 
Brown as being the originator of one of the schemes for the end wind- 
ings of an alternator, I think we ought also to give Mr. Charles Brown 
credit for the design of rotor for which Mr. Walker is the apologist in 
his paper, 2.е., the barrel type of rotor with a more or less distributed 
winding round the periphery. Mr. Charles Brown took out a patent 
for this kind of rotor in 1901, and a rotor of this type built by Messrs. 
Brown Boveri & Co. at about that time is still in operation at the 
Neptune Bank Station of the Newcastle Electric Supply Company. It 
has run satisfactorily ever since it was started up. "This type of rotor 
is really an adaptation of the old single-phase revolving armature 
designed by Mr. Parsons for coupling to the earlier steam turbines 
and running in a 2- or 4-pole field. "The difficulties in a revolving 
magnet are greater inasmuch as, for a given output, it must carry at 
least twice the amount of copper that is required for an armature. On 
the other hand, the armature being generally designed {ог a high voltage, 
insulation difficulties are more prominent, and consequently it will be 
found that in most cases the designs of these barrel rotors very closely 


* journal of the Institution. of Electrical Engineers, vol. 34, p. 402, 1905. 


1910.] AND ON TURBO FIELD MAGNETS : DISCUSSION. 848 


follow the old single-phase revolving armature, of which numerous 
examples are running in different parts of the country. Before 
passing on to Mr. Walker's otlier paper I should like to thank him 
particularly for his delightful conception of the ideal rotor in Fig. т. 
Passing on to Mr. Walker's paper оп short circuits, I should like 
to ask if he could give us a little more explanation about his theory 
which would account for the want of symmetry of the wave-form of an 
alternator immediately after it has been short-circuited. Fig. A shows 
an oscillogram of a short circuit, the figure being a reproduction from 
a cinematograph film taken on an alternator during a short circuit. 
The small straight portion of the line on the left of the upper curve 
represents the current immediately before the sbort circuit is applied. 
You then see a ripple in an upward direction and a very large ripple in 
the opposite direction. I should like to ask Mr. Walker whether that 
at all interferes with his theory for the asymmetry of those curves. You 
will notice the lower vibrations are much greater than the upper ones. 
think if we examine the examples given іп Mr. Walker's paper it will 
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be found that in all the instances he gives the large vibration is always 
the first. I may add that this fact was confirmed by an exactly similar 
test taken on the same machine. The lower curve shows the current 
flowing after about 6 seconds had elapsed. The short circuit was applied 
at the point A, and it will be noticed that in the figure four waves are 
shown gradually dying away. It took about 5 or 6 seconds before a 
steady amount of current was reached. "That current is shown to the 
same scale in the lower line. These are reproductions from curves of 
the machine of which I propose shortly to show the end windings. 

The PRESIDENT : What was the voltage at which you short-circuited ? 

Mr. LAW : 5,800, which is the full normal working voltage of the 
plant. I was going to describe those tests later. I would like in 
connection with that voltage to ask Mr. Miles Walker whether the tests 
in his paper were all applied at about one-third to one-half of the 
normal voltage of the machine. The test I have described was made 
at the Carville Power Station by the engineers of the Newcastle 
Electric Supply Company and their consulting engineers and ourselves, 
and the plant was of 4,000-k.w. output. Fig. C illustrates the windings 
of the alternator on which the tests were made, The clamping arrange- 
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ments are shown. These proved entirely adequate to withstand the 
alternator being short-circuited at the voltage of 5,800. The first test 
was made at a lower voltage of 4,000 in order to see if any movement 
was likely to take place, and on the second test we ran up to full voltage 
before applying the short circuit. The end windings were all tied up 
with lead wires to different parts of the frame in order that the move- 
ment of the windings might be measured, and after the tests these lead 
wires were all found to be somewhat slack. The lateral displacement 
of the wires was measured—that is, the amount through which they 
could be moved out of their originally straight position. The stretch of 
the wire within its elastic limit was also allowed for, and it was found 
that the movement of the coils amounted to about 4&4 in. It is a 
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curious thing that we were all under the impression that the movement 


was greater, but that is a very common optical effect when watching 
rapidly moving bodies. Fig. B represents the rate at which the current 
grew and died out after the short circuit was applied. It is timed in 
seconds, the end of the scale being 4 seconds. On the left you have 
the current rising in about the first twentieth of a second to nearly 
8,000 amperes and falling in about 1 second to only slightly above its 
normal value. But even in 4 seconds it had not quite reached a steady 
value. The alternator on being short-circuited gave out a deep musical 
note, beginning very suddenly, and it was estimated at the time that 
this lasted for about $ second, dying away more or less gradually. I 
should like to refer to the method of supporting the coils adopted in 


this alternator. This was a combination of Figs. 20 and 23 in Mr. 
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Miles Walker's paper ; that is to say, there were bolts passing through 
the coils and, in addition to these bolts, cast-iron clamps were included, 
which braced the ends of the bolts and the windings as a whole to the 
casing. I think an interesting method was used in this alternator to be 
quite certain of obtaining a factor of safety. The clamps were made of 
cast iron in the first instance with the deliberate intention of substituting 
cast steel afterwards in any event, and this is going to be done on these 
alternators. In this way, since we know the cast-iron clamps have 
stood up against the shocks which were imposed in the alternator by 
short-circuiting at full voltage, by putting in cast steel we also know 
that we have a factor of safety of at least 3 under the same conditions. 
In two instances, within my own recollection, have alternators been 
subjected to these very heavy stresses. One of these was a 2,000-k.w. 
alternator which was paralleled out of phase. It happened about five 
years ago. It was paralleled in on top of several much larger 
alternators. In that case the supports were damaged considerably, but 
the winding was not broken down, and the alternator ran for some 
weeks before the damage was repaired. The other instance was a 
1,500-k.w. 2-pole plant which was twice paralleled entirely out of 
` phase with several larger plants. This was done owing to a mistake in 
coupling up the synchronising lamps, but this latter alternator withstood 
the test without any damage having ensued. I am not quite clear, but 
there seems to be a prevalent impression that 2-pole windings are 
very much more difficult to support than 4-pole. I would not like to 
say that is not the case, but I am not at all certain it is—for if it be 
granted that a 2-pole winding has twice the stress in it, it must also be 
granted that it has twice the length on which to fit clamps. The 
ampere-turns for a given diameter of rotor or stator are limited by 
heating and other considerations. Therefore it appears to me that a 
2-pole winding, offering, as it does, greater length on which to fit 
clamps, does not present much greater difficulty than the 4-pole. 
That, I think, is borne out by a certain amount of experience. On 
page 313 of his paper Mr. Miles Walker draws attention to the 
importance of keeping down the short-circuit current: “It is possible 
to keep down the ratio of field ampere-turns to armature ampere-turns, 
and yet secure extremely good regulation by adopting a suitable 
distribution of material in the machine.” I think that is a fact the 
importance of which has not been recognised as much as it ought to 
be. One method he suggests is a special shape of slot. I should like 
to ask whether that shape of slot really presents advantages. It is true 
it increases the self-induction of the winding, but does it not at the 
same time increase the harmful self-induction, producing additional 
voltage drop? Would it not be better to use the extra space, which is, 
if I may use the term, wasted on the thick parts? I will just refer you 
to the Fig. 26 on page 313. А large amount of iron is shown at the 
inner diameter of the stator. Would it not be better to use that space 
for putting additional wires into the armature and to increase the self- 
induction of the armature in that way instead of attempting to increase 
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it by increasing the leakage across the front of the slots? Some 
makers, including Messrs. Parsons, prefer to use a competely closed 
slot, partly for the reason that it does undoubtedly limit the short- 
circuit current and also gives a more mechanical support to the coils. 
In Mr. Miles Walker's remarks on limiting the short-circuit current, I 
think he is referring to some form by which the alternator may be 
designed for very poor regulation under normal conditions and yet 
have some special means for keeping the voltage variations within a 
reasonable amount. One of the best known methods for doing this is 
Mr. Miles Walker's own alternator compounding, which has been 
fitted with conspicuous success on a large number of machines. For 
the same purpose an arrangement has been introduced for compounding 
the alternator by means of the exciter and enabling an alternator to be 
designed for very poor regulation with, at the same time, a good 
regulation at the terminals. Messrs. Parsons have recently designed 
a 1,500-k.w. alternator to run at 3,000 revs. per minute, in which I 
expect the momentary short-circuit current will not exceed from 
12 to 14 times the normal, while at the same time a regulation not 
exceeding 8 per cent. will be obtained when throwing on the full load 
with a power factor of 0°8; that is to say, the regulation is about ` 
one-fourth of what would be obtained with the best ordinary type of 
alternator, for in these it is usual to guarantee about 30 per cent. when 
throwing on full-load current. In other words, the regulation of the 
alternator will be about 8 per cent. when throwing on full load in kilo- 
watts, which is a very different thing to 30 per cent. when throwing on 
full-load current. Fig. D shows the end windings of this alternator. 
This machine has a 2-pole rotor and runs at 3,000 revs. per minute. It 
is of 1,500 k.w., and the ampere-turns in the armature are so increased 
that the.sustained short-circuit current will be less than twice the 
normal, while the momentary will not exceed fourteen times, against 
the twenty-five to thirty times of an ordinary alternator. | 
I have very little to add except in regard to short circuits on con- 
tinuous-current: machines. One such instance of this has come within 
my ownexperience. This was a 300-k.w. direct-current turbine dynamo 
which was originally built as the experimental machine for trying 
Messrs. Parsons compensating windings. Being the first machine of 
its type, it had an unusually large amount of compensating winding, and 
when being tested a short time ago the dipping-plates of the artificial 
load on which the dynamo was being tested accidentally came in 
contact with one another, causing an absolute short circuit which was 
maintained for some time. The effect on the compensating winding 
was extraordinary. It pulled itself in about a } in. each side, tore away 
the bolts holding the pole-pieces, and pulled up the armature so quickly 
that the commutator went on about a quarter of a turn; the armature, 
however, was stopped without causing any damage except that the 
commutator sheared its driving keys, and also broke away some of the 
connections between itself and the winding. This shows the extra- 
ordinary effect of a short circuit on continuous-current machines. 


1910.] AND ON TURBO. FIELD MAGNETS: DISCUSSION. 947 


Dr. M. KAHN : I must congratulate Mr. Miles Walker on his paper, 
in which the main difficulties met with in the design and construction 
of large turbo-alternators have been treated in a most excellent and 
complete manner. The problem offered by short circuits in large 
turbo-alternator units is a particularly difficult one, as the coils which 
have to be rigidly clamped consist largely of insulating material, which, 
as we all know, is mechanically very weak. "There is only one way out 
of the difficulty, and that is to attack the problem thoroughly, to 
employ really very heavy clamping arrangements, and not be afraid of 
getting the clamps close up to the winding. I am borne out in this 
by one of Mr. Law's diagrams, where it is clearly shown that the big 
metal brackets are close to the winding. The most suitable windings 
for fixing are those similar to the windings used on direct-current 
armatures, either an ordinary barrel winding or an end winding 
corresponding to the so-called butterfly connections on direct-current 
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machines. A method of supporting a barrel winding is shown in 
Fig. тт of the paper, but this method requires bolts going right 
through the winding, which has the disadvantage that the most 
valuable feature of the barrel winding (namely, that all the bars lie 
close to one another and form one compact mass) is lost where the 
bolts pass through the winding. Further, the bars are not all the same 
shape, which is a disadvantage from the point of view of spare parts. 
Fig. E shows a method of fixing this winding that avoids this disadvan- 
tage. The winding is stayed against movement outwards in а similar way 
to that shown in Fig. 11, by a supporting ring, A, while a wrought-iron 
flanged ring B, with pure mica insulation, is forced inside, and wedged 
to the other rings by bolt outside the winding. This type of con- 
struction has been used on a number of machines for some years, and 
has never given the slightest trouble. I think it is the strongest 
winding that can be imagined, as all bars lie flat against one another, 
so that the attraction between bars cannot produce any deformation of 
the winding, and, in addition, the current in one layer flows in an 
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opposite direction to the current in the other layer, which has a 
neutralising effect, as Mr. Miles Walker has already stated (see Fig. F). 
А number of such machines have been made, and there has never been 
any difficulty with this class of winding. If the end connections are 
bent outwards at an angle of 9o?, we get a similar winding lying flat 
against the stator face, which has already been shown by Mr. Cooper 
last Thursday. A third form of winding which is very often adopted is 
that shown in Fig. 18 of the paper, called “winding in three tiers." 
This winding is used very largely, and has the advantage that there 
is only a comparatively small voltage between adjacent strips, whereas 
in the case of the barrel winding, the full voltage exists between 
adjacent top and bottom layers. This merit from the point of view of 
electrical breakdown is, however, a weakness from the mechanical 


point of view. Mr. Law has explained that this difficulty can be over- 
come by heavy clamps, but I think the trouble which has been ex- 
perienced in this type of winding has been very often due not only to 
the fact that the whole winding was not properly clamped, but also to the 
fact that the coils were not stayed against one another. In caseof short 
circuit there are very heavy forces exerted between the different coils, 
especially on the straight part of the coils where they leave the slots, as 
there is here a very large overhang, and in the case of short circuits 
the windings would otherwise be bent together and the mica tubes 
damaged. Fig. G shows a simple method of construction of distance- 
pieces for this part of the winding. The distance-pieces are made in 
halves, both halves being screwed together so that they grip the tubes 
well at each end and cannot shift. It may be worth mentioning in con- 
nection with this type of winding that it is advisable to make the inner 
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bolts of non-magnetic material, as otherwise they are liable to get hot. 


In the case of machines of large output one has usually to deal with 
fairly large currents, which require conductors of considerable cross- 
section. If these conductors are made of solid copper, they themselves 
offer a certain resistance against deformation. Such conductors can, 
however, only be used on former-wound machines, and in this respect 
former-wound machines have an advantage over machines which are 
hand-wound with flexible cable. Professor Thompson has already 
indicated that such former-wound machines with open slots can be 
used without fear of deformation of the current wave if the slots are 
inclined at an angle to the axis of the machine. 

Mr. Miles Walker has only treated the problem offered by synchro- 
nous machines. For large turbo-alternators, the use of asynchronous 
machines has certain advantages, and one of them is that if an asyn- 
chronous machine is short-circuited the total impressed volts are 
counterbalanced by the reactance voltage, and therefore we do not get 


the big difference between the momentary and permanent short-circuit 
currents. As the short-circuit current of asynchronous machines is 
usually about six times the full-load current, the current to be dealt 
with in the case of these machines is smaller than in the case of syn- 
chronous machines of normal design. In addition, the short circuit 
automatically cuts off the magnetising current of the machine, so that 
the flux will begin to die away instantaneously. 

Mr. J. Н. RIDER: I am not able to discuss this paper from its 
scientific point of view, but having had to examine what effects short 
circuits have on large alternators, I thought my experiences might be 
of interest. The reasons which caused the two short circuits to which 
I am about to refer had better not be gone into, but the fact remains 
that we had a bad short circuit on a slow-speed 3-phase generator 
of 3,500 k.w. running at 94 revolutions, due to bad paralleling. The 
machine had coils similar to those $hown in Fig. 9 of the paper, coils 
of the open type unsupported at the ends. Practically the whole of 
the end windings of these coils collapsed inwards to the frame of the 
machine, of course cracking the mica tubes, and breaking the machine 
down. The other short circuit happened on a 5,000-k.w. turbo-alter- 
nator. In that case the effect of the short circuit was rather marked. 
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The alternator was coupled to the turbine by a large coupling in the 
usual way, which had 16 bolts т in. in diameter holding the two 
halves of the coupling together. The instant the short circuit took 
place the whole of these bolts were cut through as with a knife. I 
have one of the bolts here which perhaps the members might like to 
see afterwards. You will notice that the shear is as clean as possible. 
You can just see where the metal gave slightly and then there was a 
clean shear through the bolts. If you try to work out the energy 
which would shear sixteen r-in. bolts in the fraction of a second you 
will see that Mr. Walker has not in any way over-emphasised the 
forces which come into play when short circuits take place. I have 
described the effect upon the coupling. You might ask what was the 
effect upon the alternator. The alternator is of the type shown in 
Fig. 23. Ido not know if it is a picture of the exact machine, but it is 
a picture of one like it. It is a 4-pole machine running at 750 
revs. per minute, made by Dick, Kerr & Co, and the coils and 
clamps are of the simple kind shown in the figure. Not a single 
coil moved so far as we know, not a single clamp was disturbed, 
the machine was on load again as soon as we put in new bolts, and 
nothing has been done to the machine from that time to this. I think 
that is a splendid testimonial to the character of the work, particularly 
when you consider the apparent simplicity of the clamps. These 
clamps should be compared with those shown upon a machine which 
we are now erecting at our power house at Greenwich. It is Fig. 19 
in the paper, which is a photograph of a Westinghouse alternator. 
While I am not quarrelling with the number of clamps Mr. Walker has 
put on this machine, because no doubt he understands far better than 
I do the strains to which the machine may be subjected, I think the 
comparison between the coil supports of those two machines is very 
remarkable, and I would like to know whether as many clamps as 
Mr. Walker has provided are really required. It is not in the number 
of clamps that safety is obtained, but in the placing of the clamps in 
the right position. You may put clamps all round your machine, but 
if they are in the wrong place they will be of no use; and I would 
like to ask Mr. Walker whether it is a fact that, under these short 
circuits, the coils may be expected to bend inwards towards the core 
as in the case I mentioned before of the 9}-revolution machine. If so, 
then the large clamps outside the coils do not serve much useful 
purpose. Turning for a moment to Mr. Walker's second paper on the 
design of turbo field-magnets, asis well known there are two types now 
in the market, the ordinary salient pole type and the cylindrical type. 
It seems to me that one of the disadvantages of the cylindrical type is 
that you have to use external or additional fans for the purpose of cool- 
ing the machine. A salient pole field will create its own draught and 
does not require any additional fans, whereas a cylindrical type of 
field does require fans for getting the necessary ventilation. I 
should like to ask Mr. Miles Walker in connection with the relative 
advantages of salient pole and cylindrical field systems, ‘Is it a fact 


1910.] AND ON TURBO FIELD MAGNETS: DISCUSSION. 851 


that cylindrical type fields require more energy to excite them for a 
given magnetic effect than salient pole fields?" If he says, “No,” 
than I shall have to ask him why it is that the machine which his 
company has supplied to us requires very nearly 50 per cent. more 
energy in the ficld than another which is of the salient pole field type, 
which has the same number of slots in the stator, the same number of 
turns'in the coils, and the same speed. On page 330 Mr. Walker refers 
to the compensating principle which he has designed and,I believe, 
adopted with great success in many of his machines. It is one thing 
to use a single machine with a compounding effect or to use a number 
of machines all with the same compounding cffect, but how will a 
machine with a large compounding effect work in parallel with a 
number of other machines, all of large size, which have not this com- 
pounding effect? I do not know myself because I have not yet tried ; 
I shall know more in a few months' time, but perhaps Mr. Miles 
Walker could tell us, as I think it would be useful. 

Мг. Е. H. RAYNER: I cannot criticise these papers from a practical 
point of view ; it is not in my line, but there are one ог two physical 
matters which have struck my attention. The first is with regard to 
the paper on short circuits, page 303, where we have this very curious 
phenomenon of a pulsating curve almost all on one side of the centre 
line. That at once reminded me of some curves I saw in Paris a few 
months ago. There the same phenomenon was produced in a very 
different manner, viz., by suddenly switching on a transformer with a 
considerable capacity in the circuit. I have some curves which have 
been sent me from the laboratory in Paris, representing some of the 
work done by Mr. David there, and I thought they would be interesting 
to the meeting. The first few show some effects which do not exactly 
bear on the paper, but they will help us in studying the later ones. 
They show the effect of switching on 10,000 volts generated by a 
machine which was supplying a cable network and aerial line, some 
64 miles long, about one-fourth of which was underground. This 
shows the important thing from the point of view of the paper, the 
effect on the current of switching on a transformer. The regular 
curve in the middle was the voltage of the machine and the other was 
the current into the line (Fig. Н). You will notice particularly that this 
extraordinary dissymmetrical arrangement was obtained in which you 
get the ripple only on one side of the curve. Moreover, the intercept 
on the horizontal axis is about one-third distant when it goes down 
and up again than when it comes up and down again. In Fig. I 
the voltage curve is very slightly rippled. when the transformer, at 
II,000 volts, 25 cycles, is switched on. There is an enormous rise 
in the current at once, right off the scale at the top, and immediately, 
with some intervening ripples, it runs right down off the paper at the 
bottom. Then it comes up again and just passes the horizontal line 
and goes right back off the diagram again. You will see this effect 
lasts some considerable time and then the switch is opened at the end. 
There is very little change for a considerable time in this part that goes 
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Mr. Rayner. just above the line. The voltage curve is hardly altered. This is a 
200-k.w. transformer, light load, 3-phase. This current so surprised 
the people when they obtained it, that they reduced the current 


density on the oscillograph, and obtained something corresponding 
to Mr. Miles Walker's result, showing the long time required for this 
current to get anything like to its steady state. I understood when 


I was in Paris that this was quite new work on this subject, but I see 
from the paper it was published in 1904, so it may not be quite new to 
some of the members. Fig. J is a similar curve of the switching 
on of the transformer. As one would imagine, this effect depends 
entirely on the phase of the voltage at which you switch the trans- 
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former on, and here the current scale is greatly reduced in magnitude 
and you see a considerable difference in the ripple. That ripple is 
dependent on the 11th and 13th harmonics. In the paper which 
has been published by the Société Internationale all the figures of 
these harmonics are given, and how they are analysed in the original 
machine. For 20 or 30 periods the kick at the bottom is quite 
conspicuous and it takes a long time for it to die out. They make no 
assumptions as to the cause of it, but they consider it possibly due 
to the state of the iron in which the transformer was last left 


FIG. J. 


Note.—Thirteen waves are omitted in the break in the top line and twelve in the bottom 
line. The right end of the top lineis continuous with the left end of the bottom line. 
, From first to last thirty-seven waves are included, and the current curve has not become 
symmetrical, 


before switched on. It seems to me it might also be due to the 
tremendous electrical jerk that the transformer gets when it is switched 
on. That could be checked by running the volts down to quite a low 
value before switching off, and then switching on again.* 

On page 305 we have this question of slow-speed machines against 
high-speed, in which case we have 8,000 ampere-turns on the one 
machine and 2,000 ampere-turns on the other. That means in these 

* My attention has recently been drawn to a paper by Professor J. A. Fleming 


dealing with this subject, but without the aid of the oscillograph. $ournal of 
the Institution of Electrical Engineers, vol. 21, p. 677, 1892. 
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machines the heating per cubic foot of iron in the stator must be very 
much greater than in slow-speed machines, and I imagine that is the 
great trouble now in front of designers—the trouble of getting rid of 
the heat from the windings. The figure Mr. Miles Walker gives for 
a machine in one of the papers mentions the fact that in a 3-phase 
machine or some 5,000 or 6,000 k.w., in each of the three phases you 
have about 5 k.w. of energy being wasted. That energy from a 
comparatively small quantity of metal has to get through somehow 
many thicknesses of insulating material. Five k.w. would heat a 
good-sized house all the winter very comfortably, yet in each of 
these three phases there are 5 k.w. I hope we shall have a paper from 
Mr. Miles Walker regarding stators of these turbo-generators which 
have to be made so small and in which the ventilation, I think, must 
finally prove by far the most difficult matter. In the paper on the 
barrel winding, for instance, he says he can get 24 times the current 
density in his barrel winding for the same temperature rise ; in other 
words, he is getting rid of something like six times the watts for his 
barrel winding for the same amount of copper as he is from the other ; 
that again means that the heat has to come out, and as all the heat goes 
through the ventilating ducts on the stator, it must add to the difficulties 
of its design. I should like to know also whether a regulation with 
2 per cent. governing really gives no trouble in running machines in 
parallel. 

Mr. G. STONEY: The results brought forward by Mr. Miles Walker 
with regard to the enormous effects of these short-circuit curves in 
large alternators are of exceeding interest. In our own experience at 
Carville, where we short-circuited the 4,000-k.w. alternators at full 
voltage, the unsymmetrical nature of the short-circuit current about 
the neutral line came on us as a surprise, and until Mr. Walker's expla- 
nation of why the current curve was all on one side of the zero line, we 
felt very considerable doubts about the accuracy of our results ; but his 
explanation—that a continuous current superimposed on an alternating 
is really what is obtained —seems quite satisfactory. One matter which 
I think is of special interest, which Mr. Walker points out, is that in a 
large station where you have a number of turbo-alternators running 
one may get double what may be called the ordinary short-circuit 
current where one machine is put in out of phase—that is, instead of 
having, say, twenty times the normal current, there is something like 
forty times, or the stresses may rise to 1,600 times the normal stress at 
full load, and therefore the short-circuit test at full voltage is really 
hardly a sufficient test on the windings. A machine ought properly to 
be thrown in out of phase when all the others are running parallel. I 
think, however, that this is probably a rather excessive test, and also 
rather risky to the rest of the station, but this is, as I understand from 
Mr. Walker, the worst case that could take place. 

Mr. P. W. TURNER : I should like to say a few words regarding the 
design of turbo field-magnets. It is known that it is the rotor of a 
turbo set, and not so much the steam turbine itself, which limits the 
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capacity that can be obtained from a turbo set at a given speed. For 
this reason the A.E.G. have evolved a unique design of rotor, with 
which they are able to attain a very high peripheral velocity of the 
rotor—no less than 110 metres per second, which is over 4 miles per 
minute. Turbo-generators up to 3,000-k.w. capacity can now be made, 
and are made in the A.E.G. works to run at 3,000 revs. per minute. 
Fig. K shows a section through a bipolar rotor core. The centre 
portion—the rotor core—is one solid forging of steel forged in one 
piece with the shaft. Such a rotor core in itself with the shaft has 
been made in one piece having a weight of 284 tons. You will notice 
that the teeth forming the slots and shown in black are altogether 
separate from the core itself. The coils are seen in the slots, and 
above the coils steel or gun-metal wedges are pressed in. These teeth 
are dovetailed into slots milled into the core. 
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Fig. L shows one of the bunches of teeth above referred to; these 
are made in short lengths of about 8 in. long, a number of them forming 
the teeth in one section of the rotor. These teeth are made of steel 
plates riveted together. From each batch a certain number are tested 
for tensile strength, ductility, etc., before they are built up in the rotor. 
Such pieces have a minimum test of about 38 tons per square inch at 
the point of fracture, The working stresses which, by reason of the 
simple construction of the rotor can be very accurately calculated, are 
only about 4'5 tons per square inch, so there is an ample factor of safety 
of about 9. Fig. M. shows the coils of the rotor. These consist of 
copper strip, wound on edge in a lathe, insulated with mica. After being 
taped and shellaced they are then encased in three air-tight brass cases 
after having been baked in a vacuum drying-pan for some time. Simul- 
taneously with this baking process, the coils are subjected to bigh 
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mechanical pressures in all directions, after which treatment they have 
the constitution of a solid block. When enclosed in the metal cases, 
insulation pressure tests can be made on each set of individual coils 
before it is built up. 


Fig. N. shows a rotor partly completed. You see there the coils 
and the wedges forming the teeth in position. This is before the 
binding process has been completed, and also before the wedges have 
been driven in. It is almost like a Chinese puzzle to solve how the 
rotor is built up and wound. It is quite an impossibility to put the teeth 


in the core after the coils have been placed in position, or to insert the 
coils after the teeth have been put in position. What has to be done 
is that the coils are built up with the teeth externally to the rotor core, 
and the whole is then slid on to the core—a most wonderful process. 
Fig O. shows a finished rotor. The banding of the rotor end connec- 
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tions is most carefully carried out. An automatic winding machine 
fitted with an indicating device at the top regulates the stress in the 
banding wires, which is maintained absolutely constant throughout 
the process. 

Every rotor is balanced after having been finished, and is then run 
at 5o per cent. above its full-load speed, which consequently puts a 
stress on the internal parts of 2} times its normal working stress. 
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After it has been run for some considerable time in this паппег it is 
then balanced again, and should there be any signs of out-of-balance 
the rotor is rebuilt and has to go through the same process again until 
no out-of-balance is detected both before and after this high-speed test. 
In conclusion, I would like to add a remark in regard to the consulting 
engineer's frequent limitation of the speeds of a turbo-generator set in 
so many revs. per minute. I consider that that is quite an unscientific 
basis, having no reference to the peripheral speed of the rotor—which 
is the figure they wish to keep down—nor has it any reference to the 
stress inside the rotor core, which, of course, is the important thing. 
By so limiting the speed the consulting engineers eliminate the better 
or more highly developed make of machine, lessen the steam economy 
of the prime mover, and retard the progress of this branch of the 
electrical industry. 

Mr. G. W. PARTRIDGE : I think we all owe a debt of gratitude to 
Mr. Duddell, the inventor of the oscillograph, without which we should 
have been unable to have seen these most interesting results. "There 
are many points of great interest in Mr. Miles Walker's paper. The 
flashing of the rotor of the alternator at the time of short circuit, 
referred to on page 3or, is very interesting to me, as I have had exactly 


the same experience in switching on a large single-phase induction’ 


motor. When the switch of the stator of the motor was closed, I 
noticed flashes took place on the rotor whenever a rush of current 
occurred when switching on the stator. The forces which are exerted 
on the windings of large alternators at the time of short, circuit are 
enormous, in some cases, I believe, going up to between 7 and 8 tons 
on each coil. It is difficult to suggest a method of overcoming this 
difficulty except, as Mr. Miles Walker suggests, by clamping or holding 
the stator coils. There is a second method which would reduce the 
amount of current and which I think is quite worth consideration, 
and that is by allowing an increase of drop on the alternator. Con- 
sulting engineers in the future, I think, should alter their specifications 


and allow a greater drop on full load on turbo-alternators than they do 


at the present time. For instance, instead of allowing a drop on an 
alternator of from 16 to 18 per cent. on a low power factor they should 
allow a drop of 27 or even зо per cent. It isquite possible to work 
with alternators having such a drop, owing to the use of automatic 
voltage regulators. The old method of hand regulation is really a 
thing of the past. I have now had over a year's experience of a Tirrill 
automatic voltage regulator, which is giving most wonderful results, 
and in future I should not hesitate to allow a drop of from 25 to 30 per 
cent. on an alternator regulated by this system, depending on the size 
of the alternator. If the scelf-induction of alternators were increased 
in this manner we should diminish the rush of current which takes 
place on short circuit. 

There is a point mentioned by Mr. Miles Walker on, page 313, 
namely, the use of choke coils. I should like to ask him if he thinks 
the iron in the choke coil would act quickly enough. I rather think he 
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would get better results if he used an ordinary resistance. I am not 
yet in a position to say whether it should be wound inductively 
or not. 

There is a point in connection with the use of large alternators 
which I should like to refer to. I propose to use two oil switches 
in series on each generator marked A and B in Fig. P. The switch 
A short circuits a resistance or choke coil and is controlled by a 
relay which acts instantaneously ; the other switch, B, is controlled 
by a time-limit relay. When a machine is synchronised, switch A is 
left open and the resistance acts as a buffer in case of bad 
synchronism. The switching in and out of the alternator is done 
by switch B. When the alternator is connected to the busbar switch A 
is closed. In the event of a short circuit, the instantaneous relay 
would act and put in a resistance, and tend to choke back the 
current. It might be said that this relay would not act quickly 
enough to open the switch A in time ; but I am given to understand 
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that relays can be made to act under one-tenth of a second, so that 
in the case of large alternators where current holds on for a longer 
period than on small ones, the device I show would be of use in 
reducing the amount of current on short circuit. A siniilar arrange- 
ment can be used for controlling feeders where heavy overloads or 
short circuits are likely to take place. I have a similar arrangement 
in use in connection with a single-phase railway and it has worked 
very satisfactorily. 

Мг. J. Т. IRWIN: I think Mr. Miles Walker has hardly convinced 
himself that he has large enough forces to account for the effects 
he has found, and I think, from the tone of their speeches, some 
of the speakers seem to suggest the same sort of thing. Mr. Walker, 
in considering the forces acting on the coil, has only taken into account 
the mutual induction of the coils themselves, and has not taken into 
account at all the stray fields that might be present and linking with 
the coils. I am not quite sure of thé figure, but I believe that at 
full load the ampere-turns in armature per pole are about 10,000. 
If the field ampere-turns were three times as great, we have then 
got 30,000 or so field ampere-turns. When a short circuit takes place, 
at the first moment the field strength remains the same as before, but 
the current in the armature might then be, as Mr. Walker has shown, 
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twenty times as much as it was before, so that the back ampere-turns 
are about 200,000, which means that if there was to be the same flux 
as before the forward ampere-turns require to be 230,000. These 
turns are supplied by the current in the pole-tips. If we have the 
forward ampere-turns 230,000 as against 30,000 at normal load, then 
the magnetic potential at the pole-tip is at least seven times as great 
as it was before, which means that if under normal running conditions 
the strength of the stray field was 1,000 lines per square centimetre, 
under the short-circuit conditions it would be at least 7,000, and there 
would be the same ratio of increase of all lines of force which had little 
or no back magnetomotive force. Figs. R and S show the direction of 
the induced currents in the pole-tip when the current in the armature 
was lagging 9o? behind the E.M.F. The flank leakage shown in Fig. R 
had practically no magnetomotive force opposing it. Fig. S is a 
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section through the pole and shows how the field leaked out at the 
air-gap on account of the strong back magnetomotive force. Now, 
if we compare the force due to this stray field with the forces due 
to the mutual action of the coils, we find that in a stray field of a 
density of 7,000 the force on three conductors, each carrying 
10,000 amperes, is 1,400 lbs. per foot run, or about 25 per cent. greater 
than that due to the mutual action of the coils. If the stray field 
in normal running was anywhere equal to 1,500, as it might be with 
a 2-in. air-gap, the stray field at short circuit would be 10,500, and 
the forces on the conductors would be about 1 ton per foot run. This 
force is additional to, and not in substitution for, the ferce mentioned 
by the author, and the frequencies of the two forces are different. The 
mutual force between the conductors attains a maximum value in 
the same direction twice in a complete period, so that the frequency of 
the force is twice that of the supply. The current in the armature can 
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be split up into a continuous and an alternating one when we have 
to consider the forces on the conductors due to a stray field. In so 
far as there is a continuous current in the armature, there would Бе 
a force which reverses in direction every time the coil passes from 
pole to pole, and the coil would have a force the frequency of which 
is equal to the supply. In so far as there is an alternating current 
in the armature, there would be a force which attains a maximum 
in the same direction twice during a complete cycle, and therefore 
of the same frequency and phase as the mutual action of the coils. It 
is probable that most of the damage is done by the alternating stress 
due to the continuous current in the armature, since the force due 
to this alternates in direction and would account for the splintering up 
of wood under the succession of blows. The forces on the conductors 
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could be represented by the resultant of the two curves shown in 
Fig. T, where curve a represents the force due to the continuous 
current in the armature multiplied by the strength of the stray field, 
and b is the resultant of two forces : one, that due to the mutual action 
of the coils ; the other the force due to the alternating current and the 
stray field. 

Mr. P. R. ALLEN (communicated) : Both of Mr. Miles Walker's 
papers and the interesting discussion they have brought forth turn 
principally on the phenomena accompanying short circuits on systems 
fed by turbo-generators, and except fcr Dr. Rosenberg's remarks in 
Manchester but little has been said as to what may occur in a station 
where a number of continuous-current units are coupled up in parallel. 
For the last few years I have been principally interested in the supply 
of current for electrolytic processes, and in work of this kind continuous 
current is of necessity employed, a pressure of about 220 volts being 
generally adopted as keeping the size of the conductors within reason- 
able limits, and for the reason of preventing the danger of shocks to 
the attendants. While this voltage under normal conditions is quite 
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incapable of piercing any ordinary insulation or jumping any air-gaps, 
the occurrence of a bad short circuit may produce quite astonishing 
manifestations in the way of distorting the conductors and starting arcs 
over long distances. In one instance I have in mind fourteen engines 
and generators, aggregating nearly 8,000 H.P., are coupled up direct 
to common busbars, the generators in this case being shunt wound, 
and having automatic cut-outs on the negative side with knife switches 
on the positive leads to the switchboard. Тһе circuits leading from the 
switchboard to the various departments are adequately protected either 
by automatic cut-outs, or have fuses of a fairly reliable type as the 
junctions to the smaller branches. On the first occasion that a serious 
trouble was experienced, the mains leading from the generators to 
the switchboard, which were laid in a concrete trench and consisted 
of four sets of two leads each, about 4 in. by £ in. section, were for 
about 150 ft. bent and twisted together in a manner which would 
require enormous force to produce by any mechanical means. This 
was traced to be due to a dead earth occurring, which in this case cor- 
responded to a short circuit. Though considerable damage was done 
to the switchboard the generators suffered but little, owing probably 
to the fact that the circuit breakers were set rather high and only 
partially operated. Steps were taken after this to prevent the leads 
actually coming in contact by placing boards between them, and 
the circuit breakers were sct to come out earlier, and for some 
time things went on all right. However, when the next short circuit 
occurred the circuit breakers operated very promptly, and while 
the conductors were. not influenced to the same extent, an arc started 
from the commutator of one ot the generators to a brass hand- 
rail and continued for quite a perceptible time. This arc measured 
8 in., and the fusion marks on the brass handrail can be seen to the 
present day. In all probability this arc was started in the first instance 
by particles of burning copper being thrown out from the commutator, 
and once the arc was started in this manner the voltage required to 
maintain it was not very high ; that is to say, the occurrence appeared 
more extraordinary than it really was. After the second accident 
occurred the negative leads on the generators were all taken out of 
the trench and tapped on to a common negative, while the positive leads 
were spread further apart and set in separate blue brick conduits. Since 
then there has been no trouble due to the mutual action of these leads 
upon each other, although it has occurred on an outlying circuit where 
the conductors were too close to one another. However, when these 
difficulties were got over other troubles manifested themselves. Owing 
to the engines and generators having been put down at various times 
they are of various makes, run at various speeds, and the machines 
themselves possess different characteristics, but in the ordinary course 
of events no trouble is experienced in running them in parallel or in 
putting them in or out of circuit as occasion may require, the normal 
procedure being that the incoming machine is run up to its approxi- 
mate speed with the shunt switch on the magnet circuit closed, and 
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when its voltage corresponds with the voltage on the busbars the main 
switch is closed on the switchboard and the stop valve on the engine 
is opened out to follow up with the load. "The routine of paralleling is 
perfectly understood by all the switchboard attendants and drivers, and 
up to recently has never been attended by any mishap until a few 
months ago when attempting to put a r,ooo-H.P. engine on to the 
system. The generator was run up to 200 revs. per minute, which was 
the normal speed, and the attendants declared most positively that the 
voltage was only a little below that of the busbars. Nevertheless, 
simultaneously with closing the main switch, the coupling connecting 
the armature to the flywheel suddenly burst, and if it had not been that 
the broken piece of the coupling was confined in the armature by the 
equalisiug rings probably a disastrous accident would have occurred. 
The coupling, although of cast iron, appeared to be of usual 
quality, and theoretically showed a very ample factor of safety. 
At the same time the key undoubtedly showed signs of a great 
and sudden pressure having been applied to it, and there was every 
indication that an immense resistance had been suddenly introduced, 
which tended to stop the rotation of the flywhecl. At the time 
this happened the circuit breakers on the majority of the other engines 
came out, and on one machine an arc formed and bridged over from 
one set of brush-holders to another ; and it .will be generally found 
that where a number of continuous-current machines are coupled in 
parallel, a sudden rise of voltage will always cause a jumping across 
on one particular machine which happens to afford the most con- 
venient path. In the particular instance referred to, a close exami- 
nation of the damaged armature failed to reveal any appearance of 
a short circuit on the machine itself, nor were there any indications 
that anything abnormal occurred at the moment on any other part 
of the system. Unfortunately the machine was not tested immediately 
afterwards to see whether the magnets had got reversed, but there 
seems no apparent reason why they should have been. As an alterna- 
tive explanation it has: been suggested that the switch was closed 
with the incoming machine at either a much higher or a much lower 
voltage than that of. the busbars; it scems, however, hardly reasonable 
that the damage done could be accounted for in this way, but that 
a severe and sudden shock was thrown upon the machine remains 
an undoubted fact. Naturally the matter was discussed at consider- 
able length with the makers, but I regret to say that no conclusive 
opinion was arrived at as to what really happened. I mention 
these occurrences with a view to confirming the opinion that there 
is just as much danger of a serious breakdown taking place in a large 
low-tension continuous-current station as on an alternating system 
working at a much higher voltage, the matter apparently resolving 
itself into a question of the horse-power that can be liberated in either 
case in a given instant. In electrochemical works, which are perhaps 
at the present time the largest users of continuous-current in bulk, 
naked conductors are largely employed, and there is usually a general 
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leakage all over the system from the vats, baths, or furnaces. This 
in itself is somewhat conducive to breakdowns, but is almost inevit- 
able, and under the circumstances the best precautions to adopt would 
appear to be to divide the generators into groups of moderate size. 
Where this is impossible or it is necessary to couple the generators to 
common busbars, the circuits leading from the switchboards to the 
work should be protected by adequate automatic cut-outs. The con- 
ductors leading from the switchboard to the generator should be 
either taped or enclosed in such troughing or protected conduit so 
that it is impossible for them to get either accidentally bridged across 
by falling spanners or crane ropes, or to become accidentally short- 
circuited through burst water pipes. With regard to the automatic 
cut-outs protecting the generators themselves, if these act too quickly 
apparently the rise of pressure on the system is very much intensified, 
and if the cut-outs are fitted with magnetic blow-outs, a comparatively 
weak field should be employed. If two automatic cut-outs are 
employed or one double-pole cut-out, it is desirable that one side 
should be fitted with a reverse-current attachment to prevent the 
machine being put in if by any chance it has got reversed. Minimum 
cut-outs are of little use, as in the majority of instances they will fail 
to operate if there is an instantaneous reverse of current, although 
acting perfectly if the machine is gradually slowed down. These 
remarks are rather of a negative character, but the point I have in 
my mind is that the young engineer going to take charge of a large 
continuous-current station should realise that the phenomena which 
take place on a bad short circuit or sudden interruption of the current 
are even now by no means clearly understood, and that the avoidance 
of short circuits between the switchboard and the generators should 
be secured by all possible means. There does not seem to be any 
advantage in introducing time-limit devices on the generator cut-out, 
as, obviously, when the current has risen to a certain amount above 
the normal the sooner the circuit breaker acts the better, but the point 
is that the circuit breaker, when it does act, should break as gradually 
as possible, and the form of breaker in which one contact is broken 
after the other ending on carbon tips seems the least likely tó give 
rise to sudden surges on the system. 

Mr. J. C. MACFARLANE (communicated) : I do not think it is generally 
known that the instantaneous currents in the stator windings of large 
alternating-current generators, when the armature is short-circuited at 
full speed and excitation, rise to such enormous values as indicated in 
the first paper. It is interesting to note that the author does not appear 
to think there is any diminution of the main field flux at the moment 
of short circuit, due to the armature reaction, because of the fact that 
the eddy currents produced in the pole-faces and field windings react 


on the armature. It is assumed in the paper that the armature reaction. 


at the moment of short circuit will only create a cross-magnetising 
effect ; this, however, cannot actually be the case, as it would appear 
that in all cases in practice there must be a certain amount of lag at 
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the moment of and during short circuit. This being the case, the 
armature demagnetises the field to some extent, and although the 
action may largely be damped out by the eddy currents in the poles 
and exciting windings, there must be some diminution in the field in 
order to create these eddy currents. It is therefore surprising that the 
instantaneous currents are as large as indicated by the diagrams. 
With regard to the forces acting on the stator end windings, these are, 
in all probability, due as much to the actual stray fluxes from the main 
field path, as to the field produced by their own currents; for it is 
well known that if a magnetomotive force is suddenly applied in 
opposition to another, a considerable stray flux is produced between 
them if the M.M.F.’s are separate. In the cases under consideration 
the opposition M.M.F.’s are well separated and enormous (probably as 
much as то times the normal field M.M.F.), at the instant of short 
circuit, and it is probable that due to this action íhe stray field 
threading the armature end windings is very great. In any case there 
appears to be some difficulty in otherwise accounting for the enormous 
stresses that actually take place. It has been suggested that the end 
shields protecting the end windings have some effect in diminishing 
the mechanical distortion due to short circuits, and it would be in- 
teresting to know the author's experience in this matter, and further in 
what directions the bending takes place. With regard to the rise in 
voltage that may occur when: a continuous-current circuit breaker is 
opened under a heavy current, this phenomenon is very interesting, 
but the cause of it is at present involved in some uncertainty. As the 
author states, it is very difficult to produce these high voltages experi- 
mentally. I may remark that it is just about as difficult to get rid оѓ. 
them when they do occur in practice. A case apparently of this de- 
scription was recently brought to my notice, where the circuit breakers 
when opening, although of the quick-break type, maintained the arc 
formed at the contacts for a considerable period. Circuit breakers with. 


a larger break were installed, and, so far as I know, the trouble has not 


recurred. It was also noticed that at the time of opening of the 
circuit breakers flashes occurred at various parts of the switchboard. 
It is most desirable to elucidate what conditions of arc, capacity, and 
self-induction, cause these dangerous voltages, as in all probability a 
considerable number of cases of machines flashing over may be due to 
this. 

Turning now to the second paper, I thoroughly agree with the 
author that the cylindrical type of field magnet is tlie best from most 
points of view. I have experimented with direct-current armatures in 
which the iron loss is only a small fraction of the copper loss ; but in 
every case the iron took up the heat from the copper, and the tem- 
perature rise of the copper and iron was always the same at thc end of 
the test. The circumferential surface of the cylindrical field type of 
rotor is considerably more valuable as heat dissipating surface than the 


‘surfaces formed by the ends of the core and the ventilating ducts, 


because the heat conducts at a considerably greater rate radially 
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through, than axially along the core, and in the cylindrical type this 
surface is much greater than in the salient pole type. As the circum- 
ferential surface of the core, from the point of view of the dissipation 
of heat, is much more valuable than the end and duct surface, it 
occurred to me to experiment on a new construction of core, in which 
this cylindrical surface was considerably augmented by building up the 
armature core with discs of two different diameters—one being slightly 
greater than the other. Such larger and smaller discs were threaded 
on the shaft alternately in suitable numbers, thus permitting radiation 
from the sides of the periphery of the larger core discs, as well as from 
their edges. The projecting portions of the larger discs were bent 
slightly to form a core surface capable of producing a violent air- 
scrubbing effect. It will be seen that if the large diameter discs are 
pitched 4 in. apart, and they are 3 in. larger in radius than the small 
discs, the total circumferential surface is increased to three times that of 
a plain core. By the construction described it will be understood that 
any air immediately adjacent to the armature, and which is therefore 
charged with a certain amount of heat therefrom, is during the rotation 
of the same continually and violently displaced, thereby reducing the 
temperature of the armature. "The circumferential surface of the core, 
when rotating, approximates to a radiator of a motor-car under way. 
The results of the initial experiments showed that a core, constructed 
as above, with a circumferential surface of only twice that of a plain core 
—but in all other respects similar—got rid of about 25 per cent. more 
heat than a plain core of the same dimensions, and for the same tem- 
perature rise. Considering that in a turbo-alternator the air-gap is 
large, the rotor has partially closed slots, the length of core is great as 
compared with the diameter, апа the surface speed very high, it 
should be possible to get rid of 100 per cent. more watts with the con- 
struction described above than with.a plain core, as it would be easy 
to raise the circumferential surface to four times that of a plain core. 
Another method of increasing the radiating surface is to stamp the 
discs all of the same shape, but.to have one or two of the teeth in each 
disc longer than the others. By suitably mounting the discs, it is 
possible to arrange: helical passages round the circumference of the 
core, which might be an advantage in driving the air along the surface 
of the core, much in the same way as done by a propeller fan. I 
would like to ask the author whether he has any definite information 
as to the number and width of ventilating ducts necessary to givc the 
best results from all points of view, bearing in mind that each ventilat- 
ing duct means a certain amount of useless copper in both the stator 
and rotor, and adds to the length of the machine. Itappears that the rotor 
core shown in Fig. 6 is not well ventilated from the point of view of 
getting air to the ventilating ducts; nor is the surface of the core at 
each side of the ventilating ducts fully used, owing to the longitudinal 
holes in the core being so near the outer circumference. Turning to 
Fig. 12, there does not appear to be any method of getting air into 
these round holes. Probably the greatest advantage of the cylindrical 
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type rotor is that a field-form approximating very nearly to sinusoidal 


can be obtained. I think it would be possible to obtain an exact sinu- 


soidal distribution of flux along the polar arc, by spacing the slots, or 
by distributing the turns along the polar face according to a sine 
function. As the armature reaction of a polyphase generator is prac- 
tically sinusoidal, more especially if partially closed slots are used, and 
the air-gap and number of slots per pole per phase are large, the 
resulting flux curve would at all loads be to all intents and purposes 
sinusoidal. Slight departures from the sinusoidal flux wave-form 
would be greatly reduced in the voltage wave-form, due to the action 
of the phase belt, and to the fact that if star-connected, a large number 
of the harmonics are naturally eliminated. For machines supplying 
capacity loads the above consideration is of considerable importance, 
and Mr. Steinmetz has taken out a patent for an armature winding 
which eliminates some of the harmonics produced, and reduces the 
others considerably (see U.S.A. Patent, No. 935941, October 5, 1909). 
The author's curves, Figs. 15 and 16, are extremely interesting, and 
show clearly another considerable advantage the cylindrical rotor has 
over the salient pole type. 

Dr. W. E. SUMPNER (communicated) : Mr. Walker's paper contains 
the first clear explanation I have seen of the known fact that the 
alternator currents due to a sudden short circuit are abnormally large 
and give rise to excessive forces acting on the end connections. The 
oscillograms of Fig. 5 show that the short-circuit current of a large 
generator takes a long time (nearly half a minute) to settle down to the 
steady periodic state, and that at first the current may be quite ten 
times as great as that corresponding with the normal impedance of the 
armature. The explanation given is that the armature self-inductance 
for sudden changes is much less than that corresponding with normal 
running. This will hardly be disputed, and is of obvious importance 
when alternators which are badly out of phase are switched in parallel. 
But it seems equally important in connection with the question of 
parallel running in general. The theories that have been advanced, to 
explain hunting effects with alternators, have rarely been supported by 
experimental evidence, and quite ignore changes in the self-inductance 
of the machine such as this paper affords evidence of. The sluggish 
way in which the self-induction alters from its minimum to its normal 
value is a factor which must be seriously taken account of before a 
true theory of parallel running can be established. 

The paper contains a great number of points which are both novel 
and important. One of the most interesting is the statement on 
page 304 of a number of tests relating to the behaviour of the exciting 
current under various conditions. I do not agree with the remarks on 
the capacity current made on pages зоо and зог. The curves of Fig. 6 
show certain ripples which are attributed to the capacity of the coils. 
It seems to me they are more likely due to rapid changes in the self- 
induction or electromotive force caused by the movement of the 
pole with reference to the slots. A capacity of only о'о28 microfarad 
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cannot cause any appreciable change in the heavy short-circuit current 
unless the alteration of potential is assumed to be instantaneous, and 
even in this case the capacity current would not traverse the coils but 
the path of the short circuit. In any ordinary form of lightning 
protector (as in Fig. U) in which machinery or apparatus M is pro- 
tected from a high-potential surge on the line by means of a choking 
coil Ch, and a spark-gap or electrolytic arrester S.G., it is usually 
assumed that the function of the arrester S.G. is to discharge the surge 
while that of the choking coil Ch is to take up all the voltage of the 
surge by means of its reactance, thus preventing the high potential 
reaching the coils of the machine M. But this explanation is incom- 
plete because the reactance of the choking coil Ch is much less than 
that of M, so that if the voltage were distributed in proportion to 
reactance the coils of M would be subjected to practically the whole 
voltage. The fact is that the capacity between Ch and earth, although 
very small, is sufficient under excessively rapid changes of potential to 
take a large current to earth, and since different portions of this 
current traverse various lengths of Ch before passing to earth the 


FIG U. 


corresponding reactive voltage of Ch relieves M of excessive voltage, 
and also prevents any appreciable current reaching M at all. The 
return path of the capacity current is not through M but through the 
short circuit or spark-gap S.G. A similar effect takes place when an 
alternator is short-circuited as in Mr. Walker's tests. The short circuit 
involves an almost instantaneous change of potential at the short 
circuit, but the return path of the corresponding capacity current must 
be through the short circuit and not through the coils. This current 
cannot persist through several oscillations because the condenser plates 
are short-circuited by conductors of negligible inductance. 

Dr. R. PoHL (communicated): The developments in high-speed 
machines are progressing at such a rapid rate and are so important 
that a frequent discussion of problems connected therewith is highly 
desirable. It is unlikely, however, that a discussion on the question of 
cylindrical versus salient pole rotors will reveal less disagreement to-day 
than it did on previous occasions. Highly satisfactory machines of both 
types have been constructed, and the advocates of the salient pole type 
can point to recent constructions of large turbo-alternators which dis- 
prove any contention that the cylindrical type is being universally 
adopted. To my mind both have their proper field of employment, 
and it would be unwise for any one to take a determined stand for 
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either one or the other. The choice depends chiefly on the output and 
speed, and is influenced by the exciting voltage and the ratio of field 
ampere-turns to stator ampere-turns that can be adopted. Mr. Walker 
appears to have a decided preference for the cylindrical rotor on the 


. grounds: (1) That it corresponds more closely to “the best theoretical 


arrangement" (Fig. 1) of his paper; (2) that highly saturated teeth 
represent a better form of magnetic reluctance than a large air-gap ; 
(3) that the copper when arranged in slots can carry about twice as 
much current per square inch than when arranged in coils 243 in. in 
thickness; (4) that the distribution of the rotor winding leads to a 
good wave-form at all loads ; (5) that the cylindrical rotor lends itself 
easily.to the employment of the compounding principle in which the 
armature reaction strengthens the field ; (6) that its leakage factor is 
smaller than that of the salient pole rotor. With point (r) І do not agree ; 
Fig. 1 cannot be accepted as the best theoretical arrangement without 
a more complete statement as to the theoretical principles to which this 
design is claimed to conform most closely. If the object be to obtain 
a given output in the smallest possible space irrespective of all other 
considerations, then the axial overhang of the cylindrical winding must 
at least be taken into account. But if the more practical object of 
obtaining a given output with the smallest expenditure of material is 
kept in view, then I contend that the salient pole type represents more 
closely the ideal section. I entirely agree with the second point, but 
submit that highly saturated teeth can be, and are being, employed in the 
salient pole rotor as well as іп the cylindrical опе. Fig. 2 of the paper is 
an example of this. In regard to point (3), ventilated or subdivided field 
coils allow of exceedingly high-current density, especially when wound 
of flat strip on edge, and Mr. Walker's statement in this respect cannot 
be taken as generally applicable. With regard to point (4), whilst this 
is theoretically correct, Mr. Walker will agree that numerous salient 
pole-type machines with excellent wave-forms are running. Indeed 
this is not only a matter of rotor design, but it can be largely influenced 
by the arrangement and distribution of the stator winding. On point (5) 
there will be general agreement. It stands to Mr. Walker's credit to 
have proved this conclusively. The results given on page 331 are highly 


satisfactory considering that the device adopted does not involve any 


material complications. Unfortunately, however, one has to deal in 
practice with lower power factors, for which Mr. Walker’s simple 
method is less applicable, so that this point loses in practical import- 
ance. Point (6) is of little consequence if one considers that the leakage 
factor іп turbo-alternators is not of very great influence, especially where 
the field ampere-turns are reduced by the employment of compounding 
or automatic regulating devices. 

The reasons which in many instances have led to the adoption of 
the cylindrical type are: The extreme difficulty of adequately accom- 
modating one coil of big section on each pole of 2-pole machines 
running at 3,000 revs. (this will be at once recognised from a section of 
such a pole showing the space occupied by the shaft at the ends) ; the 
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early trouble of the field coils * working" and throwing the rotor out 
of balance, which has since been overcome ; the difficulty, in machines 
of very great axial length, of obtaining enough ventilation combined 
with security of the coils in the centre, which is being overcome with the 
advent of axial forced ventilation and of dividing the poles into two 
parts (see Fig. 5 of the paper) which need not be circular in section ; 
the great amount of expensive machining necessary, which is also being 
reduced with progressing: experience. Against this is to be set the 
smaller weight, smaller length of turn, shorter distance between the 
bearings, greater accessibilitv for inspection and repair, and lower cost 
—points so important as to lead me to the conclusion that the salient 
pole type is likely to hold the field ultimately except in the case of 
bipolar machines and of alternators of extreme axial length. I will 
only add that I prefer external choking coils to any internal con- 
siruction such as is shown in Fig. 26 of the paper for the purpose of 
lessening the short-circuit current of alternators. Such oil-immersed 
choking coils serve the double purpose of making the short-circuit 
current adjustable and of protecting the stator end coils against the 
well-known dangers of increased pressure connected with violent load 
fluctuations. 


Mr. A. G. ELLIS (communicated): In his paper Mr. Miles Walker 


makes out a fairly good case for the cylindrical type turbo rotor. One 
of the principal factors to which he calls attention is the lost space 
between the poles of a salient pole type rotor, and he states that in a 
cylindrical rotor a great part of the periphery can be utilised for flux 
and ampere-turns. While the cylindrical type has some advantage in 
this direction, it should be observed that the teeth in the neighbour- 
hood of the slots in which the field windings are embedded, carry only 
a small part of the total flux per pole. These teeth correspond to the 
interpolar spaces in the salient pole type and are of little use electro-. 
magnetically. Their chief function is to retain the windings and to 
permit of the centrifugal force of the coils being distributed, and they 
impede the ventilation as compared with the interpolar spaces of the 
definite pole type which assist the ventilation, especially in 4-pole 
machines. I have had some experience with the type of rotor illus- 
trated in Fig. 5 of the paper. The principal advantage of this type is 
its extreme simplicity. As each of the pole elements is of circular 
section there is no lateral component of the centrifugal force of the 
copper on the sides of the poles which can produce bulging. This 
dispenses at once with the need for any augle brackets or wedges 
between the poles, and leaves more room available for the copper and 
a clear space for the ventilation. The ventilation is further enhanced 
by the large spaces between the poles at the centre of the machine, 
and by providing a wide duct in the stator at the centre a better air 
circulation can be obtained, I believe, than is possible with a long 
cylindrical drum having a number of small ducts fed from lateral 
tunnels. It is not an easy matter to get air through a drum rotor when 
the core length exceeds 1 meter. With the-.circular pole type rotor 
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(Fig. 5) it is possible to work at high-current densities in the field 
copper and, given good ventilation, I would question the statement on 
page 324 that “copper placed in slots can carry twice as many amperc- 
turns per inch as copper wound in a coil 2$ in. in thickness.” The 
whole question, apart from the mechanical side of the problem, 
depends on the ventilation of the field windings, on which the total 
number of ampere-turns which it is possible to get on the field 
depends. The circular pole type has one disadvantage, namely, that 
for a given stator bore the maximum diameter of the pole and the 
length of the armature core are practically at once determined, and 
thus there is only one natural rating corresponding to each diameter of 
stator bore. This circumstance renders it desirable to employ a greater 
number of standard diameters than is necessary with other types. If 
one has, for example, only two or three standard diameters for 4-pole 
machines up to 5,000 or 6,000 k.v.a., there are certain ratings for 
which it is very difficult to arrive at an economical design of this type. 
Another point is that the ratio of the pole section to the polar surface 
at the air-gap is smaller than in the salient pole type with rectangular 

poles or with the cylindrical type, which leads to lower values for the — 
average density per square inch of air-gap surface. This is, however, 
compensated for by the better ventilation and by there being more 
winding space available than is the case in constructions such as are 
shown in Figs. 3 and 4; hence tbe armature periphery can be more 
heavily loaded with ampere-turns per inch, and no reduction in output 
results. As regards pressure regulation, if one compares the salient 
pole type with the non-compensated cylindrical type the former is more 
advantageous. As Mr. Walker states on page 329 of his paper, the 
pressure regulation depends on the ratio of the ficld to armature 
ampere-turns and on the shape of the saturation curve. The more flat 
the saturation curve becomes the lower may be the ratio of field to 
armature amperc-turns, or, as the problem resolves itself for turbos, for 
a given rotor carrying its maximum possible ampere-turns per pole, 
the higher may be the armature ampere-turns per pole and the output 
of the machine. Now, in spite of the danger limit of saturation of the 
poles to which Mr. Walker calls attention, it has been my experience 
that the high quality steel which it is necessary to employ for turbo 
rotors is so reliable magnetically that one can without much risk 
saturate the poles very highly and obtain a very flat curve. One can 
reach values for the saturation factor, as defined by Dr. Kloss,* as high 
as 65 per cent., and it is practicable to work with a ratio of field to 
armature ampere-turns much lower than two for normal degrees of 
pressure regulation. With the cylindrical type, as Mr. Walker observes, 
the saturation curve does not bend over as in a machine with highly 
saturated poles. It is, in fact, prohibited to work at high points on the 
saturation curve of the machine, as one soon reaches the limiting flux 
densities in the armature core and. teeth consistent with the heating 
limit. Hence for the same degrees of pressure regulation it is necessary 


* Journal of the Institution of Electrical Engineers, vol. 42, p. 167, 1909. 
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to employ a higher ratio of field to armature ampere-turns, which 
offsets the gain in utilisation of space on the rotor effected by the 
cylindrical construction. Of course, these remarks do not apply to a 
compensated machine of the type which Mr. Walker has developed. 
It is interesting to hear that Mr. Walker considers a 15,000-k.v.a. unit 
at 1,500 revs. per minute, with 4 poles, a practical proposition. I had 
come to the conclusion that 10,000 k.v.a. would be about the limiting 
output of a 4-pole 1,500 revs. per minute machine of the definite pole 
construction in the present state of turbo design. The author's figure 
of 1,000 ampere conductors рег@псһ (page 331) seems to be very high, 
and it is certainly much higher than can be reached in a non-compen- 
` sated machine, as the available winding space on the rotor would be 


inadequate for the necessary field ampere-turns with a diameter of 


only 44 in. 

Mr. J. E. GRANT (communicaled) : The oscillograph records which 
Mr. Miles Walker exhibited, showing the effect of closing and opening 
an alternating clectrical circuit upon a machine winding and line, 
reminded me of an analogous effect upon a hydraulic system. Some 
lime ago I experienced great trouble owing to the pressure gauges 
failing and the cylinders bursting unaccountably. The gauges on the 
presses were made for twice the working pressure, and the presses 
were generously proportioned. One day whilst watching the presses 
working I noticed that at certain times when the pressure was put on, 
the gauge showed a momentarily greater pressure than the accumulator 
was supposed to give. This I thought I could understand. The thing 
I could not understand was that at the moment of opening to exhaust, 
the gauge sometimes jumped up to more than 50 per cent. above the 
working pressure. This happened only when the threc-throw pumps 
were pumping up the accumulator, and therefore regular pulsations 
took place which, had they been recorded, would probably have resulted 
in a diagram like that shown in Fig. V. The jump which showed on 
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the gauge did not take place every time the press was exhausted, even 
when the pumps were working, and possibly it was only when the 
pulsation was on the up grade that it did take place. I ought to explain 
that although the inlet valve is closed before the exbaust is opened, 
yet the pulsations are, of course, transmitted through the metal which 
intervenes. 


DISCUSSION AT MANCHESTER, MARCH В, 1910. 


Mr. M. B. FIELD : Ї am very glad that we bave got this paper from 
Mr. Walker at last. I have been waiting for it for some four years. 
In February, 1906, I read a paper before this Section of the Institu- 
tion dealing with the distribution of current in armature conductors. 
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I also referred briefly to the Chelsea alternators, mentioning. that on 
several occasions the end-windings had been destroyed under short- 
circuit conditions. I can remember quite well that on that occasion 
Mr. Peck called attention to the fact that although I had commented 
upon the breakages of the windings I had not referred to their latest 
method for supporting them, which he was confident was going to be 
thoroughly successful, and it is interesting to see from Mr. Walker's 
paper that they have had no further trouble since this new method of 
supporting. the end-windings was introduced. The destruction of 
dynamo windings, twisting of condtfctors and busbars, and similar 
phenomena which occur under violent short-circuit conditions, have 
been experienced by most engineers dealing with large central stations, 
and it is interesting to. see exactly where this destructive energy comes 
from, because it does not necessarily come from the prime mover itself. 
Mr. Walker has divided the short-circuit current into two components 
—a continuous-current component and an. alternating-current com- 
ponent. In the curves he threw upon the screen you notice. that 
immediately after a short circuit the crest of the negative after-waves— 
i.c, the lowest points of the oscillating current—just touch the final 
horizontal zero line, which means that the initial continuous current 
had a value of about half of the maximum value of the actual total 
current. Now, this continuous current is due purely to the energy 
stored in a magnetic state in the alternator at the moment of short 
circuit, and is not produced by the energy of rotation. The energy 
stored in a magnetic state in the alternator must be dissipated on short 
circuit, and it can be dissipated either as heat in the windings due to 
the flow of the current or it may be dissipated partly as heat and partly 
as actual mechanical work done upon the end-windings in bending 
them up. "The initial value of the continuous current being equal to. 
half the maximum value of the current at short circuit, we may ascribe 
a considerable portion of the damage which results to the continuous- 
current component which flows, and it is therefore interesting to 
calculate what is the store of energy in the alternator in the magnetic 
state at the moment of short circuit quite apart from the storage of 
energy in the kinetic state—i.e, as energy of rotation. The energy 
stored in virtue of the magnetism generated in a circuit is equal to 
4 LC?, where L is the coefficient of self-induction and C the value of 
the current flowing, and if we apply this formula to the figures which 
Mr. Walker gives in his paper we see that the total storage of energy 
due to the magnetic state of the alternator at the moment of short 
circuit would lift a good many tons several feet high. "There seems, 
therefore, to be an abundant destructive agency stored up in this form 
in a machine of this description. It must be very nice to be in the 
position of having a 5,000 or a 6,000-k.w. alternator or a 500-k.w. rotary 


` converter placed at one's disposal for making such tests as are given in 


the paper. But I think it must be still more gratifying to the designers 
and to the owners of the plant to have such confidence in their 
machines that they сап contemplate the repetition of such drastic tests 
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with equanimity. At the same time, it would be interesting to know 
what was happening to the steam turbine at the time. I would like to 
ask Mr. Walker what load the turbine was giving out under short- 
circuit conditions before and after matters had settled down to the 
steady state. On referring to the curve on page 302, there appears to 
have been considerable variations of speed, judging by the number of 
semi-undulations which occur in a given time interval, as represented 
at different parts of the curve. If we can take it that these curves 
represent the state of affairs correctly and have not been distorted in 
any way, it will be necessary to account for considerable speed varia- 
tions taking place in a very short space of time, and I would like to 
hear Mr. Walker's explanation of this point. Mr. Walker has further 
raised in his paper the question of sparking at the bolt-heads of the 
rotor of the turbine. This puts me in mind of a similar instance to 
which my attention was called some considerable time ago. In a 
certain sub-station in London there are a number of motor-generators ; 
the motors have short-circuited rotors and the sets are run up to speed 
from the direct-current side when the stator winding of the motor is 
switched on to the alternating-current busbars. The effect that was 
noticed was that at the moment of switching-on there was a heavy thud 
in the machine, which is not altogether to be wondered at, but the 
curious thing was that on certain occasions a flash was seen somewhere 
in the rotor. No damage was done by this flash, and when the machine 
was standing still no mark of any description could be seen on the 
windings of the rotor. Further, this winding being of the squirrel- 
cage type, it always seemed very remarkable that there could be any 
voltages of sufficient magnitude induced to cause flashing. It was 
perfectly obvious that it was not static effect. Now, I do not know the 
exact construction of the rotors in question, but Mr. Walker's paper 
suggests to me that the phenomenon may be similar to the instance he 
has cited. "There might be, for instance, heavy eddy currents induced 
in some bolts clamping up the rotor plates and sparking occurring 
between the ends of these bolts and the end clamping rings owing to 
bad contact. At first sight one would have thought that the squirrel- 
cage winding would have effectually choked back the flux and have 
prevented it from inducing a heavy current in any bolts located at a 
lower level, but one must remember that the flashing that Mr. Walker 
refers to was at the bolt-heads, which were 2 in. below the surface 
of the solid pole. Lastly, I would like to make a few remarks with 
regard to the capacity effect noticeable in Fig. 8. Taking the positive 
half-wave at the moment the switch is closed, one notices a very small 
irregularity in it, and also small irregularities in the crest of each posi- 
tive or upper half-wave. These are so small that one's attention has to 
be called to them or they might escape notice. The matter interests 
me because I found exactly similar irregularities in certain experiments 
I was making. for the paper I read in 1903 before the Glasgow Local 
Section. On that occasion I was photographing the oscillatory dis- 
charge in circuits containing capacity and self-induction, and when 
Vor. 45. 25 
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using a certain coil as my self-induction I obtained the ordinary oscil- 
latory charge of the well-known shape, viz., an alternating current 
gradually dying down according to the logarithmic law. I then put in 
circuit a transformer, using one winding only as the self-induction, and 
with this in the circuit I obtained these curious irregularities on the 
curve. I was quite at a loss to explain the irregularities for some time, 
until it was pointed out to me that they were caused by the sideways 
capacity cffect of the transformer which I had included in the circuit 
—i.e., the capacity between primary and secondary and between wind- 
ing and earth. ‘The result of this was to give rise to an exceedingly 
high-frequency term in the discharge which was superimposed upon 
the relatively low-frequency discharge which I was looking for. The 
case is exactly analogous to the results obtained by Mr. Walker, the 
high-frequency effect in Fig. 8 being due to sideways capacity between 
the winding of the generator and earth. At the same time, it is not 
altogether clear to me at the moment of speaking why these irregu- 
larities seem to be only present in the upper or positive half-waves, and 


І would like to know from Mr. Walker whether this is actually the 


case or whether similar irregularities were present in the lower half- 
waves as well. 

Mr. W. CRAMP: I have little to say as regards the means for pre- 
venting tremendous forces from bending the end-connections by 
additional supports, because the matter lies in the hands of designers 
who are more experienced than I am ; but, besides this, there are 
suggestions in the paper for minimising the forces set up, by reducing 
the short-circuit current, and upon this idea I wish to make a few 
remarks. There is very little difference between short-circuiting a 
generator and applying an E.M.F. suddenly to an inductive circuit. 
Now, in the latter case expressions are obtained similar to those found 
in the paper at the bottom of page 299. If these are considered closely, 
I think it will be found that the maximum possible current that can 
flow when the worst conditions are considered, and with a circuit of 
constant permeability, is about twice the normal current of the circuit. 
Mr. Walker, however, has spoken of ten times the normal short-circuit 
current, from which it follows that the great rush is due to the varying 
permeability accounted for by eddy currents, and the fact that the field 
magnets are revolving in front of the coils. 1f the two terms of the 
mathematical expression be considered, it will appear that the current 
in excess of twice the normal short-circuit current can only be due to 
variations in the exponential term, which then represents a line far 
from straight. 

. Towards the end of the paper there is a suggestion that to get rid of 
the great forces the self-induction of the circuit might be increased. I 
would like to ask Mr. Walker if from the considerations above, putting 
extra self-induction in circuit, so far from actually decreasing the 
current rush, might not, in certain cases, even tend to increase it, and 
whether it would not be better to try and render the permeability of 
the circuit more constant by non-salient poles, lower saturations, and 
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a smaller flux per pole? Frequency will also have a great effect in 
determining the maximum value of the rush. The higher the fre- 
quency the greater should be this initial rush of current, according to 
theory. It would be of interest, I think, if Mr. Walker would explain 
the reason why the initial rush is thought to be smaller with higher 
frequencies, and wherein lies the discrepancy between theory and 
practice in this matter. There is another consideration which seems 
to have been left out of the paper altogether, and that is the effect of 
the other two phases which are at the same time short-circuited, for 
the paper apparently treats the matter as a single-phase problem, 
which would seem to be a mistake. Will not the three phases when 
short-circuited produce a single synchronously rotating reaction with 
the field due to the exponential current (if one may use the term) 
superposed thereon ? 

Professor E. W. MARCHANT: The first point to which I wish to refer 
is armature inductance due to slot leakage. The effect of armature 
reaction proper has no time to penetrate into the rotor at the first 
instant of short circuit because of the eddy currents induced in the 
rotor core. Some time ago Mr. Catterson Smith and myself made 
some tests on two 2,000-k.w. turbo-alternators at Liverpool. The object 
of these experiments was to investigate the triple-frequency currents 
that flowed through these machines when they were connected in 
parallel. The machines were star-wound, and were rated at 200 
amperes per phase, and the triple-frequency current was nearly бо 
amperes in the neutral line between them. The results of these tests 
were published in August of last year, and they give a very simple 
method of determining the slot leakage reactance. If the magnetising 
effect of the triple-frequency currents is worked out for a 3-phase 
machine, they will be found to balance each other as far as armature 
reaction is concerned. We made some calculations by analysing the 
potential difference wave so as to determine the magnitude of the 
triple-frequency ‘component of. potential difference. The result gave 
a value for the self-induction per phase of 0°0037 henry, or a reactance 
of 1'17 ohm. The generators were star-wound for a line pressure of 
6,000 volts, and the short-circuit current would therefore be 2,960 
amperes, or approximately 15 times the full-load current. This result 
corresponds fairly closely with the figures given by Mr. Walker, 
though it must be remembered that the estimate makes assumptions 
that are incorrect. For example, the saturation of the iron will be 
much greater when the short-circuit current passes, and the inductance 
therefore will be correspondingly diminished. The eddy-current effect 
which Mr. Walker mentions as tending to increase the apparent im- 
pedance of the armature coils will be taken into account by this method 
of determining slot leakage reactance, though the triple frequency of 
the testing current will tend to impair the accuracy of the result. All 
estimates of this kind are very approximate, and it is remarkable that 
the calculations agree as closely as they do with the tests. 

Thc second point to which I should like to refer is the time taken 
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by the armature reaction effect to penetrate into the rotor core. Mr. 
Walker mentions that it takes about a second before the exciting 
current in the main exciting circuit falls from 70 to 20 amperes due to 
armature reaction. That statement reminds me of some experiments 
described by the late Dr. John Hopkinson. He worked with an iron 
core II in. in diameter; the core was wound externally with an exciting 
coil, and a number of ballistic coils were embedded in the iron, the 
coils being of varying diameter. The smallest coil placed at the centre 
of the core was not affected until 20 seconds after the closing of the 
main circuit. With large masses of iron the time taken for any change 
in the state of magnetisation to penetrate is very much longer than is 
generally believed. 

Mr. G. W. WorRALL: The variation in the period of the wave, 
noted by Mr. Field, is sometimes due to a variation in the speed of the 
oscillograph drum. This is caused by the friction between the trigger 
and the disc which operate the shutter in the “ Duddell” type of instru- 
ment. In Fig. 7 the period is very much reduced at the end of the 
record ; such a change frequently occurs on the portion of the film 
which lies between the drum surface and the spool. Although I have 
not the slightest doubt that due precautions were taken to use the 
oscillograph at the critical damping temperature, the little peak which 
occurs just after switching on is characteristic of an under-damped in- 
strument. Mr. Walker’s experiments appear to consist entirely of short 
circuits following open circuit. I think that the conditions of a short 
circuit following full load would be somewhat different. In the first 


.place, the rate of change of current immediately following short 


circuit would be influenced by the rate of change immediately pre- 
ceding it, for any change in the rate of change of current is opposed 
by the inductance, hence the steeper the current wave at the instant 
of short circuit the greater will be the rush of current which follows. 
In the second place, the phase of the current wave in oscillation to 
the potential difference wave on load will influence the short-circuit 
current, for if the short circuit takes place at a given point.in the 
current wave, the position of the poles in relation to the armature coils 
at the given instant will depend upon the phase of the current in 
relation to the potential difference. Still a third way in which the load 
current would influence the short-circuit current is the magnetic con- 
dition of the armature at the time of the short circuit. The influence 
of the armature capacity on the higher harmonics is shown by the 
distortion of the wave in Fig. 6. In this case the capacity is not 
sufficient to produce resonance, but if the short circuit occurred at the 
end of a long length of cable, resonance might easily take place, and 
the bigher harmonics in the short-circuit current wave might be of 
greater magnitude than the wave of fundamental frequency. Mr. 
Walker has only referred to hard wood clamps for the armature coils. 
I have seen sheets of mica sewn in canvas bags used. 

The opening of a circuit breaker on a direct-current system may 
set up very violent surges, and may seriously damage the motors on 
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the system. In the case of a $goo-volt 3-wire system with which I 
am acquainted the sparks from an emery wheel caused a deposit of 
metallic dust on one of the brush-bars of a soo-volt motor ; the earth 
opened one circuit breaker, and the inductance and capacity of the 
other motors caused a rise of voltage to take place which broke down 
a %-in. air-gap between the brush connectors on the earthed motor 
and opened the other circuit breaker. The earth burnt itself out, 
and the switches could be closed and the motor re-started without 
difficulty. This occurred every few hours until the cause was dis- 
covered and the gap between the brush connections was increased. 
The next time the motor earthed, the arc flashed round the commutator 
by way of the lugs, and melting the solder, short-circuited most of the 
segments. In another case a 5,000-volt roo-H.P. 3-phase induction 
motor was broken down by suddenly switching оп; the flash went 
across a considerable gap between the leads of two phases, and the arc 


set fire to the insulation. The machine did not go to earth, and no. 


further damage was done. 

Dr. E. ROSENBERG: With regard to Mr. Seaton’s experiences, it is 
only just to say that short-circuit troubles are older than turbo-genera- 
tors, and that engine-type generators are not free from the possibility 
of damage in case a short circuit occurs. In one respect even, turbo- 
generators are much better off, namely, as far as damage to the body of 
the rotor and stator is concerned. Turbo-generators have a compara- 
tively small diameter and a very stiff yoke, besides which, the air-gap 
between rotor and stator islarge. "Therefore in case of short-circuiting 
or even synchronising dead out of phase, hardly any damage is done 
to the rotor and stator core ; the damage is limited to the windings 
and couplings. The yoke of a large engine-type generator, on the 
other hand, say with тоо poles, represents, from the mechanical point of 
view, a beam with a very long span and comparatively weak section. 
The air-gap between rotor and stator is small, and any inaccuracy in 
erecting will give a large difference in the air-gaps of two diametrically 
opposite poles. The forces which come into play when a short circuit 
or faulty synchronising occurs may then not only wreck the winding, 
which as a rule in these machines is not so well supported as in a turbo- 
generator, but also may deform the stator to such a degree that the 
rotor fouls the stator and does serious damage. I know of this experi- 
ence from a case which happened about six years ago on 4,000-k.w. 
generators, which were thrown in parallel dead out of phase. The 
heavy forces which come into play at the moment of short-circuiting— 
that means in the moment when the armature reaction tries to wipe out 
suddenly the magnetic field—are comparable with the big electrical 
forces coming into play when the field current is suddenly switched off. 
We know that in such cases, due to the inertia of the magnetic field, 
which resists a sudden diminution, the voltage generated in the field 
coils may be ten times as high as the normal working voltage. If we 
consider the field as the primary, and the armature as the secondary 
winding of the transformer, we try in the first case to extinguish the 
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field by short-circuiting the secondary, in the second case by switching 
off the primary. The great damage done in cases of short circuits is 
sometimes due to a generation of high voltage at the moment of the 
high current. It is not true that in a short-circuited winding no 
measurable voltage can exist. In the case of 3-phase star-connected 
generators, for instance,the three terminals of which are short-circuited, 
quite a considerable voltage may exist between the star-point and the 
short-circuited point. In direct-current machines which are short- 
circuited quite unexpected changes happen. The general opinion is 
that a shunt-wound direct-current generator, at the moment of the 
short circuit, loses its excitation because there is no voltage impressed 
on the shunt coils. But this is entirely wrong. The big armature 
reaction at the moment of short circuit (mainly the demagnetising 
action of the short-circuit currents under the brushes, which tries to 
wipe out the field) causes an increase of field current although there 
is no outside voltage impressed, and only very gradually, say in 
IO seconds or even more, the field current dies down to zero. On the 
armature, although at the moment of short circuit the voltage between 
the brushes is zero, a very high voltage may be induced between points 
of the commutator approximately midway between the brushes. If 
we have, say, twenty times normal current flowing through the 
armature conductors, this gives an enormous field at right angles to 
the main field, and that will set up in the armature between points 
which are normally equipotential, a voltage, say, of five times the 
normal armature voltage. I have no doubt that it is mainly due to this 
fact that at bad short circuits sometimes an arc is established which 
goes all round the commutator. It is not only that the current under 
the brushes is so great that it cannot be commutated, and that therefore 
an initial arc at the brushes is started. The continuation of the arc is 
due to the fact that after the commutator bars have passed the brushes 
the voltage between two bars is very much higher than the ordinary 
working voltage. 

Mr. A. R. EvEREST: The amount of current which flows in the 
windings at the first instant after short circuit is generally assumed to 
be determined by the reactance of the windings and the voltage on the 
machine at the time the short occurs, but we must remember that 
the winding reactance decreases with very high currents, due to tooth 
and other saturation, so that with twenty or thirty times full-load 
current, the reactance becomes much smaller than the value determined 
around full-load current, and the instantaneous short circuit may be 
expected to be still larger on this account. 

On page 300 there is mention of the instantaneous value of short- 
circuit current being 7'6 times the value on steady short circuit. Now, 
the value of current on steady short circuit depends on the amount of 
excitation. For excitation corresponding to full voltage no load it 
may be 1°75 times full-load current. With excitation sufficient for full 
inductive rated load it may be 2'5 times, and with field strength as 
used on heavy overloads it may be three times full-load current. But 
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the instantaneous rush of current on a sudden short circuit depends, 
not on the excitation, but on the actual amount of pole flux, that is, the 
generated voltage, which is almost constant under the different con- 
ditions mentioned. Therefore the ratio between instantaneous and 
steady short-circuit current values would be much greater if occurring 
at light loads. For this reason it seems preferable to express the 
values in terms of rated full-load current as the unit. Mr. Walker has 
shown us on the screen various methods adopted by leading manu- 
facturers to successfully cope with the enormous forces acting on the 
stator windings. He has also described cases showing the violent 
effects in the rotor present in the form of heavy compensating currents 
which flow in any damping circuits on the rotor, or in the absence of 
such, in the field winding itself. He has described the heavy arcing 
which occurred in one case between the bronze end-rings and the 
bolts holding them to the poles, and in another case the flashing which 
was seen around parts of a damper when the short circuit was created. 

One case is recalled of a salient-pole machine with field windings 
of edge-wound copper strip, which, being accidentally thrown into 
a short-circuited feeder, flashed across one field coil, leaving a 
scarred burned patch about 4 in. long across the surface of the wind- 
ings. Undoubtedly the rotor surges, both in current and in voltage, 
may be very severe, and it is to be regretted that Mr. Walker has not 
made further reference to this important feature of short-circuit 
phenomena. Few can be disposed to dispute the conclusion expressed 
in the discussion on Dr. Kloss's paper before this Institution last year, 
and now again emphasised by Mr. Miles Walker, that large alternators 
should for self-protection be designed with sufficient reactance to keep 
the effects of accidental short circuits within reasonable values. The 
author has shown one method by which close self-regulation may be 
retained under such conditions. Another familiar and much used 
device is the Tirrill regulator, by the addition of whicha high reactance 
machine possesses a closeness of self-regulation superior to the closest 
machines of the ordinary type depending on so-called inherent regu- 
lation. The additional reactance desirable for protection can either 
be internal, or may take the form of choke coils connected to the 
machine terminals. In this latter arrangement, the coils serve also 
to protect the ca. from high-voltage surges arising 
externally. 

Mr. S. J. Watson: The manner in which the modern multipolar 
direct-current machine stands up to short-circuiting is very remarkable, 
bearing in mind the heavy mechanical and clectrical stresses to which 
they must be often subjected under usual working conditions. With- 
out these investigations by Mr. Walker, most of us, I think, would 
hardly have realised that the short-circuiting current would rise to 
such a very high value, and in this connection it is particularly of 
interest to note the appreciable length of time a machine is called 
upon to carry the overload before the circuit breaker actually comes 
into play. 


Mr. 
Everest. 
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Mr. MILES WALKER (in reply) : I wish, in the first place, to thank all 
those who have taken part in the discussior for the new data they have 
supplied, the constructions for armature windings and field-magnets they 
have shown, and the many new explanations and ideas that they Rave 
introduced. I am sure that we have all benefited from the interchange 
of thought, and have arrived at a better knowledge of the phenomena 
that we have been discussing. I am glad that Professor Thompson has 
pointed out my incorrect use of terms when speaking of the ratio 
between the maximum value and the virtual value of an electromotive 
force. We are really in need’ of a good term to express this ratio. 
Perhaps Professor Thompson will give us an apt expression which will 
become a standard, as so many of his terms have already become, 
The term “output” has been purposely used in connection with 
field-magnets, in order to emphasise the fact that just as there is a 
limit to the output of an armature, so with an alternator, furnished 
with a given field-magnet, and run at a certain speed, there is a certain 


Fic. W. 


kilovolt-ampere at a certain power factor which cannot be exceeded 
by reason of the limits fixed by the two factors considered in the 
paper. 

Mr. Hobart’s experiments were very interesting. It was possible 
that the lamination of the pole-piece, of which he spoke, prevented the 
great eddy current in the pole. It was the eddy current that produced 
the curious behaviour of the exciting current described in my paper. 
Mr. Cooper’s remarks were very much to the point, because the 
critical speed at which serious vibration occurs is a most important 
consideration in the design, and may often determine whether a certain 
machine can or cannot be run. 

Mr. Law has asked for some further explanation of the want of 
symmetry of the wave-form of the short-circuit current. A simple 
way of looking at the matter is the following. First of all consider 
sinusoidal curves of voltage and current whose amplitudes are at first 
great, and which gradually decrease as shown in Fig. W, the current C 
lagging almost 9o? behind the voltage V. The first term of the ex- 
pression for C given in the footnote on page 299 will give us a current 
wave-form like that in Fig. W. If the short-circuiting switch were 
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closed at the instant o (that is to say, at the instant when the current 
would be zero according to this curve), then the current would follow 
the curve without any displacement of the medial line, and there would 
be no need for the second term in the expression in the footnote. If, 
however, the circuit is closed at the instant {,, then there is super- 
imposed upon the alternating current a continuous current D C,, whose 
initial value is equal and opposite to the ordinate /, S. This current 
gradually dies away, being killed by the resistance of the circuit. It is 
expressed by the second term of the expression giyen in the footnote. 
This superimposed current has the effect of making the total current 
start from zero, which of course it must do, and the alternating current 
is unsymmetrical (see Fig. X) as long as the continuous current lives. 
It will be seen that the curve sketched in Fig. X is of the general form 
of the curve observed by Mr. Law, only his has some higher harmonics 
in it which probably have been produced by field distortion. 


Fic. X. 


The reason that we did not carry out our short-circuiting tests 
at any higher voltage than 7,000 maximum was that, owing to the 
low self-induction of the winding, the shock to the whole machine, 
winding, coupling, bedplate, and turbine, was very excessive. The 
winding was, of an old-fashioned type, which could not be trusted to 
withstand a short circuit at full voltage. The terrific vibration that 
occurred on short circuit made one have fear even for the bedplate 
itself. Since the experiments hcre described were made, quite a number 
of more modern machines have been short-circuited at full voltage, 
and have stood up well; in fact, some consulting engineers include in 
their specification a clause to the effect that the machine must be 
short-circuited as part of its official test. Although that has been in the 
past difficult to live up to, we can now, with modern constructions, 
make windings to stand up perfectly well. With regard to the 
2-pole and 4-pole windings, I still think the 2-pole winding is more 
difficult to construct than the 4-pole winding, for this reason: In a 
2-pole winding there are more conductors grouped together in one 
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phase band, and it is the total current passing in the group that 
determines the force in the bunch of coils. 

Mr. Law suggests that instead of making more leakage across the 
mouth of the slot, we should put more wires in the slot. It must be 
remembered, however, that the number of ampere wires on a given 
frame is limited. By increasing the ampere wires 25 per cent., we 
might destroy the regulating qualities of the machine, but if we merely 
increase the armature leakage flux from 3 per cent. to 6 per cent. of 
the working flux, we cut down the short-circuit current to one-half. 
It is perfectly true that machines can now be made with a very large 
number of wires in the slots, and a very high armature reaction, and 
yet with good regulation. When this is done, short-circuit current is 
not so great as in machines with small armature reaction. Mr. Law's 
method of compounding with the exciter is an exceedingly beautiful 
one. It is rather interesting that he has beaten me quite recently in 
some guarantees, and I congratulate him on that. The statement he 
made about the 1,500-k.w. alternator, yielding twice full-load current, 
which would give fourteen times instantaneous current, is, I think, 
right. | 

Dr. Kahn has referred to the mica tubes. We know now that the 
forces are so great that however big may be the clamps put on, there 
may bea certain amount of movement between the clamps, and flexible 
insulation is still necessary. One must have fairly flexible insulation 
as well as very strong clamps. The distance-pieces which Dr. Kahn 
has shown are now used by quite a number of firms, and they really 
are very necessary, particularly on the parts of the winding which 
project from the slots. 

I was very much interested in Mr. Rider's remarks and the state- 
ment about the bolts having been sheared. It is an illustration of the 
enormous turning moment which occurs at the instant of short circuit. 
There is опе interesting point about that to which attention should be 
drawn—namely, that the forces in the coils do not necessarily occur 
at exactly the same instant as that at which the rotor receives its 
sudden check ; in fact, as we know, the current is lagging about 9o? 
behind the E.M.F. The instant of maximum torque may occur } of 
a period earlier than the instant of maximum force on the coils. The 
torque and the forces on the coils depend upon the particular phase of 
the E.M.F. when the short circuit occurs, but they are affected in 
different ways. It is possible that in a machine the torque tending to 
stop the rotor is very great, owing to the armature current being in 
phase with the flux, and yet the current itself is not so great as to 
destroy the winding. It is possible that windings which have with- 
stood a short circuit once will not withstand a second short circuit 
occurring at a different phase of the E.M.F. Mr. Rider has suggested 
that the clamps shown in Fig. 19 are perhaps stronger than need be. 
I can only say we have had machines with half the number of clamps 
on in which a certain amount of movement was shown between the 
coils, and though the winding stood up, extra clamps were advisable. 
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He also asked if coils always goin. They do not always go in; it 
depends upon the direction of the current flowing in them. That 
is why it is necessary to put blocks in between them and bolt 
straight down. Mr. Rider has said that a cylindrical field requires 
more blowing. It is perfectly true the salient pole acts as a splendid 
fan. It must also Бе admitted that the cylindrical field acts as a good 
fan—in fact, a great number of cylindrical rotors, such as induction 
motors, are running without any other fan on them. They ventilate 
very well, but a greater power may be got out of a machine by 
putting more air through it, and it has been our practice to put extra 
fans on. One object of the fan is to direct the current of air over the 
armature winding. Mr. Rider asks why the machine shown in Fig. 19 
requires more exciting current than the machine shown in Fig. 23. 
I do not want to enter on a controversy. It is sufficient to say that the 
machine in Fig. 19 regulates better than the machine in Fig. 23. That 
is the main reason why we have an extremely strong field-magnet. It 
is only fair to say that the salient pole field has a much less mean turn 
than the cylindrical field, so that, other things being equal, for a given 
number of ampere-turns on the salient pole, there will be less exciting 
loss than in a cylindrical field. But considering that the exciting 
energy is such a small fraction of the output, what does it matter 
whether it is 4 per cent. or ł per cent., especially if the regulation is 
very much better ? Questions have also been raised by Mr. Rider and 
other speakers as to how a compensated machine will work in parallel 
with a non-compensated machine. The experiment has actually been 
tried in Glasgow, where а 4,000-k.w. machine is running perfectly 
well in parallel with non-compensated machines. The reason of this 
is that the compensated machine is not compensated for wattless load, 
and, as is well known, it is the wattless current which helps in the 
parallel running. The only effect is this: if a compensated machine 
be running in parallel with one that is non-compensated, the com- 
pensated machine tends to take rather more than its share of the idle 
power. When an alternator is holding up its volts better than another 
alternator with which it is running parallel, it does not at all affect the 
parallel running, but only affects the power factor of the load on that 
machine. The machine will take rather more than its proper share of 
the wattless component until it pulls down its voltage to the voltage 
of the other machines. 

Mr. Rayner's c'irves are very interesting. The dissymmetry of the 
curve is due to the switching-on effect. The formula will be found on 
page 299. With regard to the ripples on the curves, they may be due 
to three main causes. First of all there are the ripples which are duc 
to the oscillation of a current which springs from the distributed 
capacity. You find that these die out very soon. In Mr. Rayner's 
curve you will notice that the ripples do not die out; they keep up for 
along time, and that leads me to think that they were not due to a 
capacity effect, but rather due to harmonics in an electromotive force 
wave. That 15 afrequent cause of ripples in currents charging a cable. 
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Supposing the alternator has 12 slots, then ripples may occur in the 
electromotive force wave. The ripples may be almost invisible at no 
load and at normal load. But when you throw the generator on to 
a cable of the right capacity they will all increase, owing to the 
resonance with the cable. It is just possible that the capacity of this 
cable is such as to bring out some ripples which were there before, 
although they were almost invisible. There is a third form of ripple, 
due to the peculiar behaviour of iron. It is really the same thing, only 
instead of coming from the alternator it arises from the behaviour of 
the iron. I do not quite understand Mr. Rayner's remarks about the 
5-k.w. loss. A 5-k.w. loss would mean 1 per cent. copper loss, 
and that is generally rather high for a turbo. I think he must have 
made some slip there. Generally the loss would only be about à of 
I per cent. in the armature. It is perfectly true that it is a problem to 
get the heat out of the turbo-alternator, because such a large amount 
of energy is lost in a comparatively small machine. It is, of course, a 
problem which is always attacked as a question of physics. A certain 
amount of heat is produced, a certain wall of insulation of a certain 
area and thickness is provided, and the heat must be got through the 
wall, and after it has gone through the wall into the iron it then 
encounters a certain area of cooling surface from which the heat must 
pass into the air. You have to blow the heat away by putting through 


plenty of air. 


I was most interested in Mr. Turner's pictures of the A.E.G. rotor. 
I have often admired that machine, but I have never seen such good 
pictures of it as were shown to-night. I must say, from a theoretical 
point of view, it stands in the front rank. The winding is well sup- 
ported ; the means of preventing oscillation of the shaft, for keeping up 
the critical speed-point are good, and many other things in the design 
are very excellent indeed. I am glad to see they are able to get such 
large powers and high speed. "There is no doubt that as soon as the 
designer shows that high powers and high speeds can be obtained, 
the consulting engineers will agree to specify them. Although consult- 
ing engineers are very cautious at first, they are generally reasonable. 

Mr. Partridge's statement of the description of the choking coil 
to be put in a circuit before parallel operation is interesting. It was 
known in the early days of alternators, especially those of rather low 
self-induction, that considerable advantage was gained by adding self- 
induction, particularly at the moment of synchronising, and if that 
self-induction could be cut out afterwards it would be of advantage. 
Therefore the suggestion he has made of putting in choke coils at the 
instant of paralleling might be very useful. It might certainly save 
the machine if the operator made a bad parallel. I think it is quite 
impossible to make any kind of automatic switch which will put in 
a choke coil quickly enough to save the machine. I take it that this 
choke coil is put in before starting to- parallel, and then if a bad shot 
is made, the coil will save the machine, and after paralleling it can be 
cut out. 
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Mr. Irwin's contribution to the discussion is most valuable. There 
is no doubt that the stray field from the eddy current in the pole 
can produce enormous forces on the ends of the armature coils just 
where they project from the slots. The bending of the coils at this 
point is no doubt sometimes due to this. I do not altogether agree 
with Mr. Irwin's method of calculation of the stray field. The only 
part of {һе field that can do harm is the part which is interlinked with 
the armature conductors, and for the most part the armature ampere- 
turns oppose the field ampere-turns and prevent the interlinking. 
There will, however, be cases when stray flux of considerable value 
from the field magnet extends to the projecting ends. It is interesting 
to note that one often finds all the conductors of one phase bent 
together, as though they had attracted one another. When this occurs, 
one would gather that the main magnetic flux in operation was pro- 
duced by the currents in the coils themselves. Mr. Irwin's theory 
serves to explain these cases which do sometimes occur when the end 
windings are twisted in the direction of rotation. 

It is interesting to see from Dr. Pohl's remarks that there is still 
a great deal to say in favour of the salient pole construction. The 
shorter mean turn and the simplicity in erection and in making repairs 
are undoubtedly very great advantages, so that опе may expect the 
controversy on this subject to be continued for many years to come. 

Mr. Macfarlane will see that I have considered what happens in 
a polyphase machine, from the instant when the pole is passing the 
centre of phase A, the short circuit occurring at that instant. To find 
what happens in each phase we must apply Fig. 2 to that phase, draw- 
ing the zero-line at the right elevation, having regard to the instant of 
short circuit in relation to the instant at which the pole passes the 
centre of the coil. If we consider all the phases on апу. kind of short 
circuit, we shall see that the first action that takes place is a cross 
magnetisation. The demagnetisation does not take place until the field 
has moved round one-half of a pole-pitch, as shown in Fig. 3. Мг. 
Macfarlane’s remarks upon the increasing of the cooling from the 
surface of the rotor, and the results of the tests he gives are very 
valuable. 

In reply to Mr. Ellis, it is true that for each diameter of machine 
there is only one length which is most economical, but it is also true 
that the loss in economy when we depart from that length is very 
little. Suppose, for instance, that the most economical length for a 
40-in. rotor were Şo in. We could build a machine of four-fifths of the 
output, 40 in. long, or a machine of six-fifths of the output, 60 in. long. 
The costs of these machines would differ very little from the costs of 
machines built on smaller and larger diameters respectively having the 
theoretically correct diameters. 

I agree with Mr. Allen that where we have a very large installation 
of direct- or alternating-current machines, running under conditions 
which do not таке parallel operation imperative, it is best to break up 
the installation into a number of independent groups. Provision can, 
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of course, be made for running any y of groups in parallel when 
this is required. 

Dr. Sumpner is right in stating that a capacity of 0'028 microfarad 
could not cause any appreciable change in the value of the short- 
circuit current unless the alteration of potential were almost instan- 
taneous. On the closing of a switch the alteration of potential is 
exceedingly rapid. The shunt for the oscillograph was placed in 
series with a conductor which connected the 3-pole switch of the 
generator to the short-circuiting point, that point being kept at earth 
potential. The capacity current would pass through part of the 
winding ànd be recorded by the oscillograph. In the case where the 
short circuit occurred when the voltage was near its maximum, the first 
rush of current seems to have been made up not only of the capacity 
current, but also of current flowing through the whole armature. We 
know that for very high frequencies a circuit will not have its self- 
induction increased by being surrounded by iron, even if that iron 
is laminated in the ordinary way. This is because at very high 
frequencies the eddy currents in the iron act as the secondary in a 
transformer. Now it may be that the self-induction of the armature 
winding (which we have taken as being mainly due to slot leakage) 
is for these first rushes of current very much smaller than we have 
assumed. If it were only one-twentieth of the value assumed, the first 
rush of current might be explained. The subsequent oscillations super- 
imposed on the current are not, however, explained. They may be 
caused by the jerk on the oscillograph needle, as suggested by Mr. 
Worrall, but I do not think so, as the natural vibrations of the oscillo- 
graph, damped as they were, would have died out much sooner than 
the ripples appearing on Fig. 8. It may be that these ripples are due 
to harmonics in the E.M.F. generated by the peculiar distribution of 
eddy currents in the pole-face. The pole-face will have in it more 
or less localised bands of very heavy eddy current corresponding to the 
very heavy rushes of current which flow initially in different phases 
of the winding. It seems just possible that these local eddy currents 
might set up ripples in the E.M.F. generated by the machine. This 
explanation would be in line with the view expressed by Dr. Sumpner. 

Mr. Field has pointed out an apparent disagreement between the 
figures given on page 296 and those given on page 299. It must be 
remembered that the resistance 7, on page 299 is more than the 
measured resistance of one phase. Just as in a transformer the 
primary behaves as if the resistance of the secondary (after being 
multiplied by a certain constant) had been transferred to it, so in 
this case the resistance and self-induction of all secondary paths affect 
the operation of the armature circuit. The quantities 7, and I, are 
the apparent resistance and the coefficient of self-induction of the 
armature circuit. They have been worked out from the form of the 
oscillograph curves. I do not agree that any very large fraction of 
the magnetic energy stored in the field magnet discharges itself on 
short circuit in destroying the winding. The energy which destroys 
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the winding is mainly supplied by the kinetic energy of the revolving 
field. This is proved by the form of the current curves. These show 
that after gy of a second the greater part of the magnetic energy still 
remains as such in the magnetic circuit, whereas we know that the 
winding is destroyed in the first 34 of a second. The torque оп the 
generator immediately after the short circuit is enormous ; the whole 
armature tends to rotate and shakes the foundations. The apparent 
change in the frequency in Fig. 5 is due to the change in the speed of 
the motor which drove the oscillograph strip. 

In reply to Mr. Cramp, an increase in the self-induction of the 
armature will reduce the rush of current on short circuit and an 
increase in the frequency will also reduce it, because the height 
to which the current rises depends upon the time allowed for it to 
rise during the first half-period. In reply to Mr. Worrall, it 
does not look as though the sudden kicks in the curve in Fig. 8 
were due to the undamped movement of the oscillograph, because 
the kicks do not appear in Fig. 5 where the movement of the mirror 
was more violent than in Fig. 8, for here the voltage is only 3,900, 
whereas in Fig. 8 it was 7,000. The effect of a load on the generator 
at the time of the short circuit will not affect the value of the short- 
circuit very much, because this depends chiefly on the voltage at the 
terminals, and the voltage would not be much affected by the load 
on the machine. I was much interested in Mr. Everest's remarks. I 
agree that the reluctance of the leakage paths may be very much 
increased by saturation at great values of the current, and for that 
reason the short-circuit current may increase more than iu proportion 
to the voltage. Indeed,I think that there is some evidence that this 
is the casc. I also agree that it is the voltage on the machine and not 
the ampere-turns on the field maguet that is the determining factor. 
А long air-gap, however, which is generally associated with high 
ampere-turns on the field, reduces the self-induction of the armature 
and thus makes the short-circuit current greater. 

The PRESIDENT : We are very fortunate in having had two papers 
by the same author which have led to so magnificent a discussion. 
It is really a testimonial to the importance of the subject as well as 
to the skill with which Mr. Miles Walker has handled it that we have 
had such an animated and interesting discussion. As a matter of 
historic interest I might mention that the choke coil which has been 
proposed by Mr. Partridge was put in the Bristol station sixteen years 
ago. With regard to another name for “form factor,” I would 
suggest that we adopt the term “crest factor,” which would be in 
accordance with German and French literature. I have now much 
pleasure in asking you to accord a hearty vote of thanks to Mr. Walker, 
not only for his very able paper, but for his most interesting reply, 
which, by ‘itself, is another paper opening up most important vistas of 
a scientific nature. 

The vote of thanks was carried by acclamation. 
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Proceedings of the Five Hundred and Fifth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held in the Rooms of 
the Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
March 17, t910—Dr. GISBERT Kapp, President, 
in the chair. 


The minutes of the Ordinary General Meeting, held on March to, 
1910, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 
From the class of Associate Members to that of Members :— 
Henley L. Howard. | David Eardley McLaren. 


From the class of Associates to that of Members :— 


, Henry Brazil. | Lucien А. Legros. 


From the class of Associates to that of Associate Members :— 


John Burns. | Frank Walker. 
Ferrand Agnew Williams. 


From the class of Students to that of Associate Members :— 


Andrew N. Aikman. Philip V. Hunter. 

John Angus Allan. Harold C. Jenkins. 

А. McL. Atkinson. C. L. J. B. Nadaud. 

Emil S. Conradi. Harold W. T. C. Sabine. 
Harry Alex. Edger. Frank C. Sharp. 

John Scear Gibson. Wm. Whitelegge Thomas. 
Ernest J. Harper. Wm. Bernard Thompson. 


The discussion on Mr. Miles Walker's papers was concluded (see 
page 380), and the meeting adjourned at 9.55 p.m. 
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Proceedings of the Five Hundred and Sixth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held in the Rooms of 
the Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
April 7, 1910—Dr. GisBERT Kapp, President, 
in the chair. . 


The minutes of the Ordinary General Meeting, held on March 17, 
I9IO, were taken as read, and confirmed. 


Messrs. J. S. S. Cooper and A. P. Haslam were appointed scrutineers 
of the ballot for the election of new members, aud, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Associate Members. 


Arthur Angers. Walter Reynolds Groom. 
Robert Bruce. Hubert Stanley. Hohne. 
William Stanley Burge. Edward John Morrell. 
Cecil Frederick Button. . Samuel Thomas Pemberton. 
John Park Chisholm. Charles Henry Phillips. 
John Crane. Albert Richard Powell. 
William Cruickshank. Herbert Skelton. ` 

Henry Charles Eagar. William Henry Starkey. 
Alfred James Eames. John Pattinson Thomas. 
Georges Golliez. Arthur Edwin White. 


The following paper was read and discussed : “The Progress of 
Electric Braking on the Glasgow Corporation Tramway System,” by 
A. Gerrard, Associate Member (sce page 390). 


The meeting adjourned at 9.48 p.m. 


Voi. 45. 5 
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THE PROGRESS OF ELECTRIC BRAKING ON 
THE GLASGOW CORPORATION TRAMWAY 
SYSTEM. 


By A. GERRARD, Associate Member. 


(Paper received from the GLASGOW LOCAL SECTION, S'anuary 13, read in 
‘London on April 7, and at Glasgow on April 12, 1910.) 


There are many points in connection with the operation of electric 
tramway cars which are of interest, not only to the management of the 
undertaking, but also to the general public. However, there is, in the 
author’s opinion, no point of so much interest and importance as that of 
braking the car. This interest is, unfortunately, kept alive by an occa- 
sional car getting out of the motorman’s control. It is therefore hoped 
that this subject will not be out of place at this time. It is usual in a 
paper such as this to touch upon the history of the subject, so it is pro- 
posed to show the progress of braking since 1898, so far as it pertains 
to the author's experience in connection with the operation of the tram- 
way system belonging to the Corporation of the City of Glasgow. It 
may be metioned at this stage that all the statistics which it is intended 
to put.before members have been obtained from the tramway under- 
taking referred to, under the author's personal observation. 

Electric street traction was inaugurated in Glasgow in the autumn 
of 1898, the track from Mitchell Street to Springburn being equipped 
asan experiment. At that time the electrical equipment on the cars 
was partly British Thomson-Houston and partly Westinghouse. The 
controllers wére arranged for electric braking, as recommended at that 
time by.these firms. 

Rheostatic Brake.—The brake, as arranged by the Westinghouse 
Company, was what is now known as the rheostatic brake, and was 
simply a circuit which included the armatures, field coils and rheostat. 
The rheostat was gradually cut out as the car slowed down until the 
motors, which were working in parallel, were short-circuited on them- 
selves. 

Electromagnetic Disc Brake. —The British Thomson-Houston brake 
was composed of two sets of discs per car, one set of discs or the brake 
for one axle comprising one revolving and one stationary disc. These 
discs were about 22 in. in diameter, and their adjacent faces were 
machined for rubbing against each other, and setting up friction which 
assisted in retarding the car. The revolving disc, known as the 
brake disc, was keyed to the axle, апа the stationary or rather non- 
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revolving- disc, known as the brake-shoe, was supported on two 
lugs projecting from the motor case. The brake-shoe, although 
prevented from revolving. could, when magnetically attracted, travel 
across the truck and make contact with the brake disc. There 
were embedded in each brake-shoe two magnet coils, which formed 
part of the electric brake circuit, so when the brake was applied 
to a moving car, the shoes became magnetised, and drew them- 
selves into mechanical contact with the revolving brake discs. The 
car was therefore retarded electrically through the work done by the 
motors acting as generators, magnetically by the revolving brake disc 
cutting the field, and mechanically by the adhesion of the machined 
faces of the brake-shoes to the brake discs. The brake-shoes, being 
necessarily thick to receive the magnetic coils, were heavy and rather 
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Fic. I.—Westinghouse Magnetic Brake on Brill Single Truck operated by 
No. 21 Magnets. 


difficult to attract to the revolving brake disc. They were not sus- 
pended in any way in order to allow them to move freely, but simply lay 
on the lugs projecting from the motor case. It will be readily seen 
that they were of little use for braking the car if the current was 
light, as, for instance, in coasting * or at the beginning of a service 
stop. They only did their work when a very heavy current was 
passing through the equipment, and when they did act, the result 
was so severe that skidding of the wheels usually took place. The 
equipment was also complicated, since in starting up on the power 
side it was necessary to shunt a portion of the trolley current through 
the magnetic coils of the brake-shoes in the opposite direction, in 
order to demagnetise them and allow the car to accelerate. Ten 

* Coasting by means of the electric brake means that the controller handle is set 


on the first, second, or third braking-point, according to the gradient, and the brake 
is then allowed to take care of the car. | 
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years have passed since this type of brake was used in Glasgow, so 
I am unable to say more about them, as they were removed from all 
the cars thus equipped, which were then simply connected up for 
rheostatic braking. 

Electromagnetic Track and Wheel Brake—About this time, 1899 
and 1900, Mr. F. C. Newell, an American railway engineer, invented 
and patented what is known as the Newell brake. The design of this 
braking apparatus is very ingenious, and was a great stride in the right 
direction. Fig. 1 shows this brake fitted to an ordinary four-wheel 
Brill single truck. The component parts of this brake are :— 


1. Two powerful electromagnets, one suspended over each rail. 
To each magnet is fitted two mild steel track-shoes, one to 
each pole. The magnetic circuit is completed through the 
core of the electromagnet, the track-shoes and the rail, while 
the coils of the electromagnets are energised by current 
from the motors when acting as generators. The two 
magnets are connected in parallel, so that all the current 
which is generated by the motors is equally divided between 
them (Fig. 19). 

2. Special wheel-shoes which have no connection with either 
hand brake-shoes or rigging. 

3. Connecting rods and levers between the track magnet and the 
wheel-shoes, so arranged that any movement of the magnets 
either forward or backward will apply the wheel-shoes to the 
wheels. 


` The track magnets are each suspended from the truck frame by 
two spiral springs, and their shoes are adjusted to within ү; in. of the 
rail. The action of the brake is as follows : When it is applied on a 
moving car, the magnets immediately adhere to the rail and drag, 
falling behind their normal or central position on the truck. This 
backward motion or lag is utilised to apply the wheel-shoes through 
the medium of the connecting rods and levers. The magnets lag 
behind their normal position until all the slack motion has been taken 
up, and the wheel-shoes are tightly pressed against the wheels. Thus, 
with this type of brake there are three powerful agencies at work, all 
assisting to retard the car :— 


(a) The electrical work performed by the motors acting as 
generators. 

(b) The drag on the rails by the track magnets. 

(c) The friction set up by the special wheel-shoes. 


 Leverage.—The leverage exerted on the shoes of the leading wheels 
is in the ratio of 3:346 to 1, whereas the leverage on the shoes of the 
trailing wheels is only in the ratio of 2'175 to І (see Fig. 2) This 
unequal division of the leverage is designed to compensate for the 
unequal distribution of weight between the leading and trailing wheels 
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when a fast stop is being made, or even when stopping slowly on an 
incline ; for it will readily be seen that when a fast stop is being made, 
or when coasting down an incline, very much more than half the 
weight of the car is thrown upon the leading wheels, so a greater 
leverage can safely be applied to them without fear of skidding than 
can be applied to the trailing wheels, which are carrying less than half 
the weight of the car. 

In the spring of 1901 the Glasgow Corporation Tramway Depart- 
ment equipped six cars with this type of brake. Some rough tests were 
then made to find out what it could do. The officials of that time 
bestowed most of their attention on the capabilities of the brake to 
make quick stops, and did not pay so much attention to the electrical 
work thrown upon the motors as has been done of late. However, 
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FiG. 2.— Westinghouse Magnetic Brake. 


(Diagram of leverage for Brill single truck.) 


they were satisfied that the motors were required to do very much less 
work than in braking through the rheostat only, and the risk of skidding 
the wheels was thereby reduced. So pleased were they with the per- 
formance of the brake that within a very short time every passenger 
car on the system was equipped with the apparatus. 

Damage to Equipment.—The brake question then lay dormant for 
some time, until the Corporation began to discuss the probable cause of 
the damage to some of the armatures, controllers, etc. The consensus 
of opinion was that the use or abuse of the electric brake was responsible 
for the bulk of the damagereferred to, and they accordingly endeavoured 
to prove this contention. А few rough tests were therefore made to find 
out the voltage across the armature terminals when the brake was 
applied, and it was found that when running at 18 to 20 miles per hour 
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with ro ohms in the brake circuit, the voltage was as high as 1,000 to 
1,200. Those figures were taken roughly, but were in themselves quite 
sufficient evidence that some alteration would require to be made in 
order to prolong the life of the equipments. It may be mentioned here 
that the motors are built to operate at 600 volts maximum, so they could 
scarcely be expected to generate heavy currents at double that voltage 
without being damaged and occasionally burned out. 

Skidding.—Another interesting point was demonstrated by these 
rough tests, viz., that 17 to 18 miles per hour was the critical speed at 
which skidding took place, that is to say, with an equipment such as is 
installed in Glasgow (namely cars weighing 10 to 11 tons unloaded, 
equipped with Westinghouse 49B motors, and a resistance of 10 ohms 
in circuit with first braking-point), momentary skidding took place 
when the brake was applied even on a level clean rail. It was there- 
fore quite evident, both from a braking point of view and from a 
desire to protect the equipment, that the voltage should be reduced. 
It is well to point out that skidding the wheels by the hand brake differs 
from skidding by the electric brake. If the wheels are skidded by the 
hand brake they do not revolve again until the brake-shoes are released ; 
therefore to skid wheels by the hand brake means to skid continuously. 
It is, however, impossible to skid wheels continuously by the action of 
the electric brake, as immediately the wheels cease to revolve the 
current dies away, and they are free to revolve again until such time 
as the current generated by the machines is sufficiently heavy again to 
cause skidding. Skidding by means of the electric brake can only be 
intermittent, but if the speed of the car be high enough, the movement 
of the wheels between the skids will be so slight as to be almost im- 
perceptible. On considering the various ways of reducing the high 
voltage, it was decided to weaken the field -by introducing a shunt 
resistance in parallel. | 

Solenoid Controlled Fields.—lIn January, 1908, experimenting was 
begun with a permanent shunt resistance in parallel with the fields when 
braking, but that idea had to be abandoned, because when a low 
resistance, such as 0'25 ohm, was inserted in the shunt circuit, the 
motors would not excite, while on the value of the shunt resistance 
being increased to 0'5 ohm, the braking effect was improved and the 
voltage kept low, but the machines would not excite quickly enough for 
an emergency stop. The next move was to introduce the shunt auto- 
matically, as required, by means of a solenoid operated switch. This 
turned out to be the proper course to follow. А brief description of 
the author's initial experiences with the solenoid control apparatus may 
perhaps be of interest. Hestarted with the solenoid operated by a shunt 
coil, and connected the coil acrossthe terminals of one of the armatures. 
At first the solenoid had a lift of 2 in. When its armature rose, it closed 
a circuit which was in parallel with the fields, and in which there was 
inserted a low resistance (Fig. 3). This operated, but not with entire 
satisfaction, and it was soon found that the time lag between the exciting 
of the machines and the closing of the shunt circuit was too great. This 
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time lag must be very small, otherwise the shunting arrangement is of 
no use, as the voltage rise occurs before the solenoid operates. So 
the coil of the solenoid was gradually weakened, and the lift of its 
armature reduced, until it was finally determined that the lift should 
not exceed 445 in. The next point to decide was whether the coil 
operating the solenoid should be in shunt to an armature or in series 
with the main brake circuit. After very exhaustive tests, it was 
conclusively proved that the series coil in the main brake circuit 
was the more reliable and instantaneous in action; and it also had 
the advantage of keeping the armature of.the series operated solenoid 
switch in contact until the car actually came to rest, and the current 


Solenoid 


rack magnets 


Fic. 3.—Connections for Westinghouse Brake, with Shunt controlled by 
a Solenoid, operated by a Shunt Coil. 


flowing through the circuit had almost died away, so that when 
the plunger dropped and opened the shunted circuit of the fields, 
there was practically no arc. In the case of the shunt-operated 
solenoid, whenever the voltage began to fall, the solenoid dropped its 
plunger while there was still a comparatively heavy current passing 
across the solenoid switch. (For diagram of series operated solenoid 
connections see Fig. 4.) The next two points to be decided were at 
what current the solenoid should operate and the value of the shunt 
resistance. After very exhaustive experimenting it was found that 
when the solenoid operated with 30 amperes and brought in a shunt 
resistance of 0'2 ohm we had complete control of the voltage, at least 
up to 20 miles per hour, without impairing the effect of the brake. 
The voltage never rose above 600, and, of course, there was no 
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skidding. The next question to be considered was whether this shunt 
arrangement: with the solenoid operating at a comparatively low 
current would save the motors and prevent skidding in an extreme 
case of high speed, such as might occur if a motorman at the top 
of a gradient unskilfully applied the hand brake, thereby skidding the 
wheels and allowing the car to attain a speed of 25 to 30 miles per 
hour, and then realised that the proper course to adopt was to release 
the hand brake and apply the electric brake. As it was not convenient 
or advisable to carry out tests at those high speeds on the public high- 
way, it was deemed wise to make the solenoid double barrelled (Fig. 5). 
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Fic. 4.—Connections for Westinghouse Brake, with Shunt controlled by 
a Solenoid, operated by a Series Coil. 


The low-speed solenoid operated at 30 amperes, bringing in a shunt 
resistance of o'2 ohm, and the high-speed solenoid at 80 amperes, 
bringing in another shunt resistance of o'2 ohm in parallel with the 
first (Fig. б). In the event of a motorman running his car at, say, 
18 miles per hour, and, through excitement or carelessness, passing 
over the first on to the second brake-point of his controller, both 
solenoids will operate, and thereby bring a shunt resistance of o'r ohm 
in parallel with the fields. This gives the very best results without 
skidding. It may be mentioned that with this double solenoid control 
the voltage never rises above 600, no matter what the speed may be. 
Track Magnets (New Design).—In order that the very best braking 
results might be obtained in conjunction with soleroid control, two 
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Ес. 5.—Westinghouse Brake Skid-proof Device. 
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sets of more powerful track magnets were tested. "They are listed by 


the Westinghouse Company as 26c and 25B magnets. "The curve sheet 
in Fig. 7 shows the relative vertical pull of these magnets in 165. 


Rheo. 


Fields 


Solenoids rack magnets 


Fic. 6.—Connections for Westinghouse Brake, with Double Shunt, each 
controlled by a Solenoid, operated by a Series Coil. 


weight, as against the old Newell type known as the Standard 21 
magnet. The following tabulated list gives the vertical pull in Ibs. 
weight at 5, то, 25, and 50 amperes :— 


VERTICAL PULL OF DIFFERENT MAGNETS. 


Exciting Current in Amperes. 
Type of Magnet. 


Lbs. Weight. | Lbs, Weight. | Lbs. Weight. | Lbs. Weight. 


Standard 21 ... Jes 1,050 1,300 1,600 


I, 
2,400 3,250 3,900 4,100 


1,900 3,550 4,600 5,150 


These new magnets are quite different in design from the old 
Newell magnet, on which the poles follow each other in series on 
the rail. On the new type the poles are placed side by side and 
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parallel to each other. Fig. 8 represents the new standard 26c magnet 
The 255 is similar in design, only larger. The invention of the new 
type of magnet marks a most important advance in electric braking, 
for not only does it give a far greater maximum pull, but its effect with 
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FiG. 7.—Westinghouse Magnetic Brake Curve showing Vertical Pull of 
various Magnets on Rail. 


a current of 5 amperes is greater than that of the old magnet with 
50 amperes. The difference in the heating of the motor is most 
important. | 

The preceding remarks have been of a general nature, and no 
detailed figures regarding braking have been given, but data will now 
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be given which were obtained from actual tests on the tramway track, 
showing the action of the various track magnets when controlling a 
car on a gradient unassisted by any wheel-shoe combination, also their 
action when combined with wheel-shoes and with auxiliary track- 
shoes. 

Coasting.—For coasting tests two gradients were chosen, one 
200 yards long, with an average fall of 1 in 27 being selected as the casy 


Fic. 8.—Westinghouse No. 26c Magnet. 


Average gradient 1 in 27 
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Fic. 9.—Longitudinal Section of Easy Gradient for Coasting Tests. 


Point A is where car was started from rest. 
» Ay is where voltmeter indicated excitation of motors. 
» Bis where maximum voltage was indicated. 
„ ©, р, and E are principal graph lines. 
» Fis where test was finished. 


gradient, while the heavy gradient was тоо yards long, with an average 
fall of 1 in 13. Regarding the system of obtaining the readings for the 
curves, the following method was adopted for the easy gradient test. 
The test ground 200 yards long was plotted off in lengths of то yards, 
with a distinctive mark every 40 yards. The 4o-yard marks were 
known as the graph lines. As will be seen from Fig. 9 (longitudinal 
section of gradient), the starting-point was approximately 40 yards 
behind the first graph line. The car, in every test, was started from 
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rest with the controller set on the second braking-point. "The starting- 
point was arranged so that the first peak or maximum reading coincided 
with the first graph line. The time in seconds taken by the car to 
travel over the test ground was checked by a stop watch. The attend- 
ants recorded every movement of the instruments, both maximum and 
minimum. They also took a special reading as the car crossed the 
graph lines, indicating whether the current was rising or falling. 
Direct-reading instruments were used. In addition to this, a rough 
chart was drawn as the car was travelling, indicating the formation of 
the curve. With the aid of these rough charts and the readings, 
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Fic. 10.—Longitudinal Section of Heavy Gradient for Coasting Tests. - 


Point A is where car was started from, by power. 
» Bis where power was switched ой. 
» Cis where brake was applied. 
» D is where voltmeter indicated excitation of motors. 
» Eis where maximum voltage was indicated. 
» F and Gare principal graph lines. 
» His where test finished. 


(All distances are in yards.) 


curves were formed which, if not strictly correct, are near enough to 
indicate the values of the various magnets, and of the different brake 
combinations. Оп the heavy gradient the test ground was again 
plotted off in lengths of то yards, bu the distinctive marks or graph 
lines in this case were every 30 yards, the first one being то yards from 
the top of incline. In order that the first maximum reading should 
approximately coincide with the first graph line, the car, during these 
tests, was started by power from point A, which was over the crest of 
the hill from the test ground. At point B, on the very crest of the hill, 
power was switched off, and at point C the brake was applied on the 
third braking-point. (For the position of points A, B, C, see Fig. то 
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—longitudinal section of gradient.) All other observations were taken 
in the same manner as those on the easy gradient tests. 

In the coasting tests, the general plan was to run first with the 
rheostatic brake only, and to use the values so obtained as standards to 
which the values obtained from the other tests could be compared. 
The following tests were made :— | 


Rheostatic brake, car No. 438. 
No. 21 magnet without wheel-shoe 
attachment, car No. 438. 
Test A.—Easy gradient No. 26c magnet without wheel-shoe 
attachment, car No. 438. 
No. 25B magnet without wheel-shoe 
attachment, car No. 438. 


Test B.—Heavy gradient. Same as for Test A. 
Newell brake with No. 21 magnet, 
car No. 368. 
Newell brake with No. 26c magnet, 
car No. 687. 
Newell brake with No. 25B magnet, 
car No. 438. 
I908 brake with No. 25B magnet, 
car No. 782. 
Test D.—Heavy gradient. Same as for Test C. 
Test E.—Heavy gradient. With and without solenoid control, 
car No. 438. 


Test C.—Easy gradient 


In Tests A and B car No. 438 was used. It is a top-covered car 
with 17 ft. body, and seating accommodation for sixty-two passengers. 
During these tests a drag chain was fixed between each magnet and 
the truck in such a way as to permit the magnet to move towards the 
rail, but to prevent it from operating the wheel brake. 

Test A.—It will be seen from Test Table I. and the curve sheet 
in Fig. 11 that the average current required to control the car on the 
easy gradient is as follows :— 


COASTING TEST.—EASY GRADIENT, RHEOSTATIC versus TRACK 
BRAKE ONLY. 


Per Cent. 


Type of Brake. Amperes. Percentage. Dectease, 
Rheostatic only з 36°72 100'00 — 
Standard 21 magnet ... 23:66 64°43 35°57 
Standard 26c magnet ... 8:94 24°34 75:66 


Standard 258 magnet... 8:00 21°78 78°22 
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Fic. 11.—Coasting on Track Magnets only. 
(Easy Gradient: Average Fall, I in 27.) 


TEST А, 


Car No. 438. Coasting on rheostat only. 

Car No. 438. . Coasting ол rheostat and track magnets. Standard No. 21. 
Car No. 438. Coasting on rheostat and track magnets. Standard No. 26c. 
Car No. 438. Coasting on rheostat and track magnets. Standard No. 25u. 


DAU 
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In the above test the 258 magnet was slightly superior to the 26c. 
It may be mentioned here that in calculating the average amperes and 
volts, the readings from the initial surge are always neglected. 

Test B.—It will be seen from Test Table I. and curve sheet, 
Fig. 12, that the average current required to control the car on this 
gradient is as follows :— | 


COASTING TEST.—HEAVY GRADIENT, RHEOSTATIC versus TRACK 
` BRAKE ONLY. 


Type of Brake. Amperes. Percentage. Per Cent. 


Decrease. 
Rheostatic only... e 63:27 «00:00 — 
Standard 21 magnet ... 49'66 78:48 21'5 
Standard 26c magnet ... 34°25 54°00 46°0 
Standard 25B magnet ... 25°25 39°90 60'1 


During this test the 258 magnet again gives the best results, but 
later on it will be seen that when the combination wheel-shoes are 
doing their share of the work, and the current passing through the 
equipment is thereby reduced, the 258 magnet must share the honour 
with the 26c, which is the more efficient when the current is low. 

Coasting Tests on Combination Track and Wheel Brakes.—As it was 
impossible to test all the various combinations on one car, three other 
cars appear on the test tables along with car No. 438, namely, Nos. 368, 
687, and 782. The bodies and electrical equipment of the four cars are 
similar. Their rheostats were all set alike, so that the value of R, and 
R,, the braking-points while coasting, were respectively 6°8 and 3°8 
ohms. 

Brake-gear.—The brake-gear fitted to the different cars was the 
following :— 


Car No. 368, mounted on an ordinary Brill single truck with steel- 
tyred wheels was equipped with the Newell brake-gear 
operated by the old standard 21 magnets (Fig. 1). 

Car No. 687, mounted on an ordinary Brill single truck with 
steel-tyred wheels, was equipped with the Newell brake- 
gear, operated by the new standard 26c magnets (Fig. 13). 

Car No. 438, mounted on a Mountain and Gibson radial axle 
truck was equipped with the Newell brake-gear, operated 
by the new standard 255 magnets, the brake rigging being 
designed to operate the hand-brake shoes, 

Car No. 782, mounted on an ordinary Brill single truck with 
steel-tyred wheels, was equipped with a different type of | 


SACK MAGNETS (ONLY) AS AGAINST ‘CCASTING ON RHEOSTAT (ONLY). 


/estinghouse standard 255. E ENET 
ailway bridge. E e 
.verage after Initial Surge. Average of Three Tests. 
.Imperes. Volts. Volts. Amperes. Watts. Mrd Ry eight. 
36°33 275'83 27944 3672 10,261 44610 
23°43 179°30 | 18143 23:66 4,292 18:660 
| 
8:83 63:33 6388 ' 894 571 2:480 
| 
7°66 58°33 6083 | 7°99 486 2:113. 
| 


y wall on north side of Maxwell Drive. 


63:60 296°00 29566 ^ 63°27 18,706 81°330 
49°75 240°00 23833 49°66 11,835 51'460 
3414 | 16430 164:80 3425 5,644 24540 
23°20 11220 122'93 2525 3,104 13'500 
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FIG. 12.—Coasting on Track Magnets only. 
(Heavy Gradient : Average Fall, 1 in 13.) 


TEST B. 


A Car No. 438. Coasting on rheostat only. 

B Car No. 438. Coasting on rheostat and track magnets. Standard No. 2r. 
C Car No. 438. Coasting on rheostat and track magnets. Standard No. 26c. 
D Car No. 438. Coasting on rheostat and track magnets. Standard No. 25B. 
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brake, which will be referred to throughout this paper as the 
1908 brake. It was placed upon the market during the year 
1908. The magnets used were identical with those used on 
car No. 438—namely, Westinghouse 25B—and the brake 
rigging was very similar, the only radical difference being 


FIG. 13.—Westinghouse Magnetic Brake on Brill Single Truck operated by 
No. 26c Magnets. 
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that the motion obtained from the movement of the magnets 
was utilised in pressing auxiliary track-shoes down on the 
rail instead of applying auxiliary wheel-shoes (Fig. 14). The 
idea of substituting auxiliary track-shoes in place of wheel- 
shoes was to relieve the wheels of the braking effort of the 
auxiliary wheel-shoes, and thereby reduce the risk of skidding 
when making fast stops. 
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Test Сг Coasting Tests—Combination Brakes.—On consulting Test 
Table II, and curve sheet, Fig. 15, we see that the average current 
required to control the various cars on this gradient was as follows :— 


COASTING TEsT.—EaAsv GRADIENT, RHEOSTATIC versus COMBINATION 


BRAKES. 
Per- | Per Cent. 
Car No. Type of Brake. å Amperes. Gena eae 
Average | Rheostatic only ... ae ... | 36°00 | 10000 | — 


368 Newell and Standard, 21 magnet | 12°66 | 35'10 | 64:90 


782 “1908” and Standard, 25B  ,, IO'50 | 29'IO | 70'90 
438 Newell and Standard, 25B  ,, 7'44 | 20°66 | 79°34 
687 Newell and Standard 26c  ,, 347 | 9°64 | 90°36 


This test very forcibly illustrates the superiority of the standard 
26c magnet when the current is low. By referring to the curve sheet 
in Fig. 7 it will be seen that when the current falls below 8 amperes 
per magnet the 26c becomes the most efficient. 

Test D.—It will be seen from Test Table II. and the curve sheet in 
Fig. 16 that the average current required to control the various cars on 

his gradient was as follows :— 


COASTING TEST. —HEAVY GRADIENT, RHEOSTATIC versus COMBINATION 


BRAKES. 
Car No. Type of Brake. Amperes. Sones: Dee 
Average | Rhcostatic only ... ni ... | 63°00 | 10070 — 


368 Newell and Standard, 21 magnet | 30°10 | 477 523 
782 “1908” and Standard, 25B ,, 21°00 | 333 66:6 
438 Newell and Standard, 25B  ,, 13°60 | 21:6 78'4 
687 Newell and Standard, 26c  ,, I328 | 2r0 79'0 


It will also be seen from the curve sheet that the initial voltage for 
any of the cars during this test is very low when the nature of the 
gradient is considered. "The reason for this is that after starting with 
power the machines require less time to excite than after starting from 
rest without power, as was the case on the easy gradient tests. 
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Fic. 15.—Coasting on Combination Brakes. 
(Easy Gradient: Average Fall, 1 in 27.) 


TEST C. 


Car No. 438. Coasting on rheostat only. 

Car No. 368. Coasting on rheostat, track and wheel-shoes. Magnets. Standard No. 27. 
Саг No. 782. Coasting on rheostat, track ard track-shoes Magnets. Standard No. 258. 
Car No. 438. Coasting on rheostat, track and whecl-shoes. Magnets. Standard No. 25B. 
Car No. 687. Coasting on rheostat, track and wheel-shoes. Magnets. Standard No. 26C. 


Босы» 


E COASTING ON COMBINATION TRACK BRAKES. 
| . 


| 

heel brake. Туре of track magnet, standard No. 21. 

heel brake. Type of track magnet, standard No. 26c. 

liary track-shoes. Type of track magnet, standard No. 25B. 
theel brake. Type of track magnet, standard No. 255. 


rage after Initial Surge. Average of Three Tests. 

peres: Volts. Volts. Amperes. Watts. hi e eight. 
| '66 95:83 96'10 12°66 1,2166 5'470 
"25 95:63 83:00 10°50 871°5 3°880 
"66 58'33 56°10 744 4174 1'810 
40 23°00 24:66 347 856 0'385 
”57 14570 14450 30°10 | 434900 19:500 
033 99'16 97°94 21°00 2,056'70 |. 9'150 
"80 57°00 65°83 13:60 895°30 4:888 


15 55:80 61°05 13°28 810°74 3647 
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Test E: Coasting under Solenoid Control.—Attention may now be 
drawn to the beneficial effect of the solenoid control in coasting on the 
steep gradient where the current occasionally exceeds 30 amperes and 
so causes the solenoid to operate. On referring to Test Table III. and 
Fig. 17 we see that under sólenoid control the initial surge is checked, 
the voltage being reduced from 210 to 175, and also that the back-kick 
is less pronounced, being 25 against 15. The whole reading is more 
uniform throughout, the number of complete waves being reduced from 
8 to 6, the average voltage of the three readings reduced from 82'1 to 
65:8, and the amperes from 17 0o to 13:6, while the average time taken 
to descend the gradient is also reduced from 47} to 46 seconds. By 
referring to column marked “Current Shunted," Test Table III., it will - 
be seen that in two of the tests the solenoid operated twice, the main 
braking current having reached or exceeded 30 amperes. 

Surging while Coasting.*—Before leaving the subject of coasting it 
may be mentioned that great trouble was experienced with surging. 
The trouble is attributable to various causes—chiefly to the track 
magnets being too powerful for the weight of the car, to the high 
leverages between magnets and brake-shoes, and to the track-shoe 
suspension springs being too strong. Coasting on the rheostat alone 
is ideal so far as smooth riding is concerned, but it is too costly. A 
car will coast down an incline on the rheostat as steadily as it will 
ascend the incline on power, but immediately powerful track magnets 
are introduced surging more or less will assuredly be set up. "Typical 
examples of surging can be seen by referring to Figs. 15 and 16 (car 
No. 782) and to Fig. 17 (car No. 438). When car No. 782 was coasting 
down the steep gradient it was almost brought to a standstill every 1o 
to 15 yards. 'Гһе current then died away, and the suspension springs 
lifted the magnets clear of the track. The car plunged forward араіп,. 
and so оп. Regarding car No. 438, the trouble with it was caused by: 
the powerful magnets operating on a weak truck. The radial-axle . 
truck which was carrying this car body had no stability—that is to - 
say, the magnets through the brake rigging could work the truck out 
and in like a concertina, and thereby aggravate the surging effect. A 
good coasting combination can only be obtained with a truck, the 
wheel base of which cannot be extended or contracted by the leverage 
of the brake rigging. It is therefore quite evident that on a truck of 
this kind we cannot have a powerful brake and a perfect coasting brake 
in one, so a compromise must be arranged. We must put up with the 
discomfort of a little surging while coasting on heavy gradients in order 
to have a powerful brake for making fast stops. 

- Brake Stop Tests.—Brake stops are of two kinds, service and emer- 
gency. A service stop is one made by the motorman when he has 
plenty of time to do so properly, the controller handle being passed 


* Surging while coasting means that the car does not run steadily down the incline, 
but is allowed to accelerate until the brake acts, when it is pulled up almost to a 
standstill. The brake then releases its hold and allows the car again to accelerate, 
and so on, 
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Fig. 16.—Coasting on Combination Brakes. 
(Heavy Gradient : Average Fall, 1 in 13.) 


TEST D. 
Car No. 438. Coasting on rheostat only. 
Car No. 368. Coasting on rheostat, track and wheel-shoes. Magnets. Standard No. 21. 
Car No. 782. Coasting on rheostat, track and track-shoes. Magnets. Standard No. 25B. 
Car No. 438. Coasting on rheostat, track and wheel-shoes. Magnets. Standard No. 25B. 
Car No. 687. Coasting on rheostat, track and wheel-shoes. Magnets. Standard No. 26c. 
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Fic. 17.—Coasting on Combination Brakes, with and without Solenoid 
Controlled Fields. 
(Heavy Gradient : Average Fall, 1 in 13.) 
TEST E. 
A Car No.438. Coasting on rheostat only. 
B Car No.438. Coasting on rheostat, track and wheel-shoes. Magnets. Standard No. 25B. 
C Car No. 438. Coasting on rheostat, track and wheel-shoes, Magnets. Standard No. 25B. 
(With Solenoid Controlled Fields.) 
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slowly over the braking-points, thereby calling upon the motors to do 
as little work as possible. An emergency stop is a stop made by the 
motorman in as little time and in as short a distance as possible irre- 


Average gradient 1 in 108 


— € 


Fic. 18.—Longitudinal Section of Brake Stop Testing Ground. 


Point A, is where car was started from, in order to attain a speed of 17 miles per hour. 
А„ is where car was started from, in order to attain a speed of 18 miles per hour. 
Аз is where car was started from, in order to attain a speed of rg miles per hour. 
B is where power was switched off. 
» Cis where brake was applied. 
The distance from B, to C = 30 yards was used to check speed of car, thus running IO 
yards with powers and 20 yards without power. 


Track magnets 


FIG. 19.— Position of Instruments during Brake Stop Tests. 


spective of the work the motors are called upon to perform. It was 
not considered necessary to carry out the brake stop tests at low speeds, 
so that attention was confined to moderately high speeds, such as 
17, 18, and 19 miles per hour, The tests were all made in the daytime 
on a service track between a car depót and the main line, on which we 


» 
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could carry on our work undisturbed. There is an average fall of т in 
108 on this piece of track. All the tests were carried out in the follow- 
ing manner: For tests at 17 miles per hour the cars were started from 
point A, (see Fig. 18 for longitudinal section of gradient) and run at 
full speed until point B was reached, where the power was switched 
off, and then 20 yards further on at point C the brake was applied. 
For tests at higher speed a fresh starting-point (A;) was located, from 
which 18 miles per hour was attained. Then A, was located to give 
1g miles per hour. Points В and C were never changed. To deter- 
mine the speed at which the car was travelling when the brake was 


Fic. 20.— Position of Instruments during Brake Stop Tests under Solenoid 
Control. 


applied the following method was adopted. Before the brake was 
applied the time which the car required to travel over the last 30 yards 
was checked by stop-watch. Over these 30 yards the car thus ran 
IO yards with power and 20 yards without power. (For diagram of 
connections showing position of instruments during tests see Figs. 
I9 and 20.) Many preliminary tests were made with various cars and 
various arrangements of magnets, leverages, and solenoid settings, but 
it will be sufficient to indicate only the results of the final test between 
car No. 782, equipped with the 1908 brake-gear, operated by 23B 
magnets, and car No. 687, equipped with Newell brake-gear, 
operated by 26c magnets under solenoid control (Figs. 13 and r4). 
The two cars are alike in general construction and equipment, both 
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being top-covered cars with 17 ft. bodies and Brill trucks. For full 
particulars of their equipment see Test Tables IV. and V. It will 
be seen that car No. 782 weighs 2} cwts. more than car No. 687. 
This is accounted for entirely by the difference in weight of the two 
brake equipments. The state of the rails when the test began was 
perfect. In order that the test should be carried out in absolute fair- 
ness to both cars so far as the condition of the rail was concerned 
a special car fitted with emery blocks for grinding out rail corruga- 
tions was put on the test track and run up and down for a period of 
three or four hours immediately before the test was begun, so it may be 
assumed that the first car on the track had as perfect a rail as the 
second. "Throughout the test no sand was dropped on the rail to assist 
retardation. On Test Tables IV. and V. will be found the result of 
brake stops at 17, 18, and 19:176 miles per hour. At each speed three 
service stops and three or four emergency stops were made. When 
making service stops at the various speeds, it was our endeavour to 
make every stop in the same distance—as, for instance, at 17 miles per 
hour, бо ft. was the distance aimed at ; 18 miles per hour, 7o ft. ; and 
at 19 miles per hour, 85 ft.—in order that we could compare the 
electrical energy required by the different braking combinations in 
making similar stops. When making emergency stops, the motorman, 
of course, pulled up the car in the shortest possible distance. The 
same motorman and recording staff were engaged throughout the 
entire test. 

Result of Tests.—Test Table IV. shows the results at 17, 18, and 
19 miles per hour for car No. 782, and Test Table V. shows those for 
car No. 687. On comparing the stops at 17 miles per hour we find the 
following :— 


SERVICE STOPS AT 17 MiLES PER HOUR. 


Car No. Stop Distance. Maximum Volts. Maximum Amperes. 


782 60 ft. 875 | IIO 
687 57 » 475 7o 


EMERGENCY STOPS AT 17 MILES PER HOUR. 


Stop Distance. Maximum Volts. | Maximum Amperes. 


344 ft. 875 190 
360 ,, 475 


The emergency stops of car No. 782 at this speed are rather better 
than those from car No. 687, but at what cost? "The last reading from 


` STOPS. 


` cwts. I qr. 
je. Rheostat, Westinghouse дом type. 


2S. 


Amperes. v6 y. 


Amperes. Average Remarks, ~ Z wee Е 
Total. XN щш 
00, TIO, IOO 103'0 — 
20, 160, 200 160°0 — 
40, 180, 160, 180 165.0 — 
40, 180, 160, 190 167°5 = 
50, (60), 180, 200 177'0 Wheels skidded once 
20, (40), 200, 120 140'0 Wheels skidded once 


50, (80), 160, (120), 165 162'0 Wheels skidded twice 
Bo, (130), 160, (120), I85 175'0 Wheels skidded once 
8o, (100), 180, (140), 200 1870 Wheels skidded once 


— — |) At this speed with this car it 
became impossible to take 
— — accurate readings, as the 
motors flash over and 
— — | the wheels skid always 
| once and generally twice 

— — |] during every test. 


Digitized by Google 
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car No. 782 is 33 ft., which works out at a retardation in feet per second 
per second of 9:44, and when corrected from gradient to level gives 9:60, 
which is exceptionally high ; but, unfortunately, we cannot compare 
the voltage readings obtained during this test with those obtained from 
car No. 687 under similar conditions, because the machines flashed 
over before the voltmeter had time to indicate the true maximum 
voltage. Turning now to service stops at 18 miles per hour, we find 
that car No. 782 always skids once, and sometimes twice, during every 
stop, whereas car No. 687 shows no signs of skidding. 


SERVICE STOP AT 18 MiLES PER HOUR. 


Car No. Stop Distance. Maximum Volts. Maximum Amperes, 
792 704 ft. 1025 200 
. 7 704 , 525 9o 


On comparing the emergency stops at this speed, we find car 
No. 687 making, if anything, the better stops, the last reading, 44 ft., 
indicates a retardation of 8°18 ft. per second per second, when corrected 
to level. As regards car No. 782, the only test where the true voltage 
has been recorded is the first, the 524 ft. stop, so we might compare 
the readings taken from it, during this stop, against the readings from 
car No. 687 during a similar stop. 


EMERGENCY STOPS AT 18 MiLES PER HOUR. 


Car No. Stop Distance. Maximum Volts. Maximum Amperes. 
782 524 ft. ^. I125 165 


687 523 ,, 535 150 


Brake Stops at 19 Miles per Hour.—Regarding the tests at this speed, 
it became impossible to record the readings for car No. 782, as the 
first skid always took place before the instrument had time to indicate 
the true voltage. As will be seen from Test Table IV., the reading 
taken immediately after the first skid is much higher than the reading 
preceding the skid. It will also be seen that the voltmeter readings at 
this speed are very much lower than those recorded at the slower speed 
tests, thereby proving that the instrument was not recording the true 
voltage. Altogether, the readings taken from this car at the above 
speed cannot be taken into account at all. Regarding the stops made 
by car No. 687 at this speed, both service and emergency, the voltage 
never rose above 595, and even when making the last two emergency 
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stops, when the controller handle was passed right over the first 
braking-point, on to the second, there was absolutely no indication of 
skidding. When examining Test Table V. there will be found the term 
* Gradual fall to zero.” This means that the instrument (instead of 
giving a kick every time the controller was moved from one braking- 
point to another) fell so gradually and uniformly that it was impossible 
for the attendant to procure intermediate readings. It is not our 
intention to go closely into the merits and demerits of the two brakes 
under test, but rather to point out the beneficial influence of solenoid 
controlled fields ; however, in passing a few comments may not be out 
of place. 

Retardation.—Regarding the brake on car No. 782, it has been con- 
clusively proved by our tests that it can bring a car to rest in an 
extremely short distance, but from observation made during the tests, 
we are of the opinion that the retardation throughout an emergency 
stop is the reverse of uniform, being very low at the beginning and 
extremely high towards the end of a stop—in fact, so high that sitting 
passengers are hustled along the seats. Retardation to this extent 
would very soon ruin the framework of a car body, and create no end 
of claims from injured passengers. What is wanted is uniform retarda- 
tion throughout the stops. Retardation from car No. 687, in our 
opinion, was perfectly uniform throughout the most severe emergency 
stops, being as high at the beginning as at the end of the stop. It will 
also be seen that it makes very little differencein the voltage whether 
the controller is properly handled or not, as on every occasion of 
making emergency stops two tests were carried out, making use of all 
the braking-points, and other two when the first braking-point was 
passed over. From the foregoing particulars it seems quite evident 
that the double solenoid can protect the equipment, and at the same 
time improve the braking of the car. 

Heating due lo Braking.—A tramway or railway motor is usually 
selected with reference to the work it has to do in propelling the car, 
with little regard to the extra work which is thrown upon it when brak- 
ing. Itis therefore often urged that, since a motor usually operates at 
a fairly high temperature under normal conditions, the extra load 
thrown upon it by electric braking is certain to produce more or less 
rapid deterioration of the insulation. This argument is, undoubtedly, a 
sound one where rheostatic braking is used, and it may apply also with 
the earlier types of magnetic brakes, especially i£ the motor is hard 
worked under normal service conditions. When the insulation of the 
motor has been thus weakened, and is subjected to the heavy overloads 
and excessive voltage which occur in braking at high speeds, there is 
little wonder that trouble results. But with the latest type of track 
magnet the current taken from the motors is a very small percentage of 
that required for rheostatic braking, and when it is remembered that 
the heating varies as the square of the current, it becomes evident that 
the increased heating due to braking with this type of magnet is prac- 
tically nil. If, in addition, the motor fields are provided with solenoid 
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operated shunts, excessive voltage cannot occur, and the objections to 
the use of the motors for electric braking have been removed. 


SUMMARY. 


(a) Rheostatic braking is destructive in its action on motors, due to 
the added heating effect from the higb braking currents, and to the 
excessive voltage generated by the motors acting as generators during 
service and emergency stops at high speeds. - This high voltage causes 
flashing at the brushes and insulation breakdowns. Rheostatic braking 
permits smooth coasting, but the current is high, and skidding occurs 
when braking at high speeds. The retardation is much lower than with 
the magnetic brake. 

(b The Newell brake with the old type of magnet is greatly superior 
to the rheostatic brake, both in retarding power and in the current 
consumption, but the current is still high ; the voltage generated by the 
motors during high-speed braking is excessive, and skidding occurs 
unless the controller is handled with great care. While much easier on 
the motors than the rheostatic brake, it is severe enough under the best 
conditions, and when not carefully handled is responsible for a large 
part of the trouble with motors and controllers. 

(с) The 1908 brake, with auxiliary rail blocks and parallel shoe 
magnets, is a powerful one, and requires comparatively little current 
from the motors, but under the conditions of the tests the voltage rise 
is excessive, and the skidding serious when braking at high speeds, 
while the surging during coasting is pronounced. The retardation 
obtainable is very high but very uneven, probably due to the tendency 
of the track blocks to grip the rails. The excessive voltage rise might 
be reduced by means of the solenoid control, but it seems doubtful 
whether skidding and uneven retardation would be prevented. 

(d) The Newell brake with parallel shoe-magnets requires little 
current from the motors, gives good results when coasting, and high 
retardation under ordinary braking conditions, but the voltage generated 
by the motors when braking at high speed is excessive, and with 
emergency stops from high speed, skidding may occur if the controller 
is not properly handled. This brake is much easier on the motors than 
the Newell with the old type of magnet, on account of the decreased 
current required, and for the same reason it is; better than the 1908 
brake. It would be quite satisfactory were it not for the high voltage 
and the skidding at high speeds. 

() The Newell brake with parallel shoe-magnets and solenoid 
controlled shunts to the motor fields possesses all the advantages of 
the brake described under (d), while the possibility of obtaining high 
voltage on the motors is eliminated and there is no longer any necessity 
for careful manipulation of the controller to prevent skidding. Ех- 
haustive tests have shown the brake to be skid-proof and the motors to 
be free from any excessive voltage rise, and it is hoped that actual 
experience at Glasgow will entirely confirm these tests. 


Mr. Peck. 
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Concluding Remarks.—From actual experience gained, the author is 
of the opinion that automatic solenoid control of the field, such as 
has been described, is a valuable addition to the brake-gear of an 
electric car. It is an everyday occurrence in the life of a tramcar 
driver to get into a tight corner and have no time to apply his electric 
brake in the proper manner, notch by notch. Even if he has time, he 
is sometimes too excited to do so, and passes over the first point or two, 
with the result that he skids the wheels. He then operates his sand 
valve, and trusts that the sanded rail will save him from collision. It 
mày be of interest here to point out that the Glasgow Corporation 
Tramways Department is at present engaged in fitting to each car an 
automatic sanding apparatus, the component parts of which are a 
solenoid and a continuous flow sand valve. The coil of the solenoid is 
inserted in the main braking circuit, and its armature is connected to 
the continuous flow sand valve, so that, when the solenoid operates, the 
sand valve is opened, and a copious supply of sand is projected on the 
rail without any effort from the motorman. A spiral spring is attached 
to the valve in such a way as to work against the action of the solenoid, 
and adjusted so that if the electric brake is applied for an ordinary 
service stop, or for coasting, the solenoid is prevented from opening the 
valve and serving out sand when it is not required ; but in the event 
of the motorman making an emergency stop, the current flowing 
through the circuit is sufficient to operate the solenoid and automatically 
to supply sand at a most opportune moment. | 

Thanks are due to James Dalrymple, Esq., General Manager, Glasgow 
Corporation Tramways, for kindly allowing the result of these compara- 
tive tests to be put before the members of this Institution, also to 
the Tramway Department Drawing Office staff and to the staff of the 
British Westinghouse Company for assisting in the production of these 
drawings, which have been so useful in illustrating the various apparatus 
described in the paper. 


DISCUSSION. 


Mr. J. S. Peck: The interest taken in the question of braking on 
tramcars seems to be very intimately associated with the number and 
severity of the accidents which occur. Whenever there is an accident 
on a tramcar and the investigation shows, as is usually the case, that it 
is due to some fault in the brakes, the technical papers publish editorials, 
and the engineering and tramway world in general becomes excited ; 
and when two or three severe accidents follow each other in rapid 
succession and an investigation is held by the Board of Trade and 
heavy damages result, then the question becomes, one of national 
interest. The technical and the lay press take it up, and an enormous 
amount of inventive genius is expended in devising new forms of 
braking apparatus. For the past twelve or eighteen months there has 
not been a severe jaccident, and the question of brakes has been 
slumbering peacefully. But the fact that we have not had any 
accidents of late does not mean that accidents will not come, for so 
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long as defective braking apparatus is used and so long as it is 
necessary to depend upon the human element for operating the 
brakes, accidents will continue to occur. Mr. Fell, in his classical 
paper presented before the Tramway and Light Railways Association 
in 1906, and in other recent communications, has, I think, shown con- 
clusively that it is possible to obtain a brake which, when properly 
handled, will give as great a retarding effort as can be reasonably 
expected. But there has been always the possibility of improper 
handling, and I think, therefore, that the device described to-night 
marks a great advance, since it eliminates, as far as possible, the human 
element, making the braking apparatus practically skid-proof and fool- 
proof. But another element, which has received scant attention here- 
tofore, is the effect of electric braking upon the rest of the equipment. 
The author has shown very clearly that, with the rheostatic brake and 
with the old type of brake magnet, very heavy currents are taken 
during the braking period, and these currents must add very materially 
to the heating of the motor, and therefore to the rate of deterioration 
of the insulation. On page 393, under the heading of “Damage to 
Equipment," the author sets forth the reasons which led to the in- 
vestigations and tests, the results of which he has placed before us in 
this paper. The Glasgow Corporation has long been noted for the 
extremely low maintenance costs of its tramway equipments, and this is 
due in large part to the excellent supervision given to those equipments ; 
in fact, I think in hardly another tramway undertaking in the country 
is such careful attention given to the apparatus. But although their 
maintenance costs were so low it was decided they were too high, and 
they began to investigate to try and find out the cause of the trouble. 
The first thing found was that this heavy current at braking increased 
the heating in the motors. Then it was found that when braking from 
high speeds, especially when making emergency stops, the voltage 
across the armature reached at least twice the normal value. It was 
probably higher than this, because the voltmeter is hardly rapid 
enough to measure the instantaneous rise which occurs. With any 
such voltage as this there will be flashing at the brushes and burning 
of the commutator, which involves increased attention and reduces the 
life of commutator and brushes. Moreover, this high voltage tends 
to break down the insulation of armature and field, and many of 
the electrical troubles with motors are undoubtedly attributable to 
this cause. The skid-proof or field shunting device appears to 
eliminate this excessive voltage entirely. The author tells us they 
could not get a voltage above 600 even when throwing the con- 
troller handle right over to the last braking notch. This seems to 
be a very valuable point. If Glasgow, having already such a 
low cost of maintenance, finds it a good commercial proposition to 
change their old braking equipments for the latest improved type, 
it may be advisable for all tramway managers to consider following 
the same course. To me it appears better to take the bull by the 


horns and recommend the installation of proper braking apparatus 
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than to wait for an accident and then be forced to adopt that course 
by the Board of Trade, or by indignation on the part of the public. 

Mr. Е. H. Соскѕнотт: I was personally associated with the develop- 
ment of the brake referred to in the paper as the “ 1908” type, and the 
Leeds Tramway Department, during my connection with it, has devoted 
a large amount of time to the brake problem, and has conducted an 
extensive series of experiments on various brakes during the last two 
or three years. The real name of this ' 1908" brake is the Maley Electro- 
magnetic rail brake, of which thirty have been supplied to the Leeds 
Corporation, and as we have now had a three years’ experience of them 
under actual running condition and on the steepest gradients, we have 
had numerous opportunities of investigating their general behaviour. 
We have also in use on our cars many Newell brakes having No. 21 
magnets, and have had experience of the latest type of this brake fitted 
with No. 25 magnets. Our experience teaches us that owing to the 
excessive voltage and currents generated the sphere of usefulness of 
the old type of Newell brake is limited to coasting on steep gradients 
and to making purely emergency stops. Тһе latest type of this brake 
is undoubtedly a very powerful one under favourable conditions, but 
at high speeds it became a most difficult matter to prevent the wheels 
skidding when the brake was applied, and also, contrary to the author's 
experience, we did not find it satisfactory even at moderate speeds. 
In fact, so many complaints were received from passengers who had 
been severely shaken by the irregular and jerky action of the brake 
that it was decided to remove it. It must not be thought that under 
all conditions the coupling of the wheel-shoes to the magnets reduces 
the liability to skid, or limits the current and voltage generated as 
compared with a magnetic track brake having no wheel-shoes. For 
a given braking force it certainly reduces the currents and voltage 
generated if the controller be operated with great care, but should all 
the resistance be cut out, as generally happens in cases of emergency, 
it is evident that while the wheels continue to revolve there will be at 
equal speeds the same maximum voltage and current generated with 
the two types of brake. The trouble with the Newell brake is, how- 
ever, that in such cases the wheels having an excessive retarding torque 
on them commence skidding, and continue to do so for some few 
seconds, during which time the sudden reduction in the braking force 
often causes a very considerable increase in speed. In a test made in 
Leeds with one of these brakes on a gradient averaging I in тї the speed 
attained previous to applying the brake was 26 miles per hour. Onthe 
application of the brake the wheels ceased to revolve, and did not again 
reach their normal speed until the bottom of the hill was reached, a 
distance of about 130 yards from the point where skidding commenced. 
The fact that the car considerably increased in speed immediately after 
skidding coinmenced is sufficient evidence of the seriousness of this 
defect at high speeds. І quite agree that the solenoid device to some 
extent reduces skidding, but it, nevertheless, seems to me that the 
addition of such complications into the braking circuit may cause 
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trouble under the rough usage they are likely to get in actual service. 
I think it would have been more useful if the author had given us the 
results of trials of the Newell brake and solenoid device at speeds exceed- 
ing 20 miles per hour, because at such high speeds it is of the greatest 
importance that a good brake should be available. With regard to the 
comparative brake tests made by the author, I feel bound to question 
some of the figures quoted for the “1908” brake in view of the great 
number of similar experiments we have made on numerous brakes 
of this kind, from which very different results were obtained. Taking 
first Test Table II., the author's figures for the “ 1908” brake on the 1 in 
13 gradient are as follows : Average amperes after initial surge 21:3 and 
yolts 99°16. The figures we have obtained for coasting a much steeper 
grade, viz., 1 in 9, with a car weighing 11 tons 2 cwts. at 6 to 7 miles per 
hour, averaged 12 amperes, and the voltage 55 to 70 volts. Taking now the 
Test Table IV. for service and emergency stops, the maximum figures 
quoted for current and voltage are 200 amperes and 1,125 respectively. 
These are indeed somewhat high, but during the whole of the large 
number of similar tests we have made on this brake, even at speeds up to 
28 miles per hour, we have not recorded a voltage exceeding 890 volts. 
Further, only at speeds exceeding 20 miles per hour have we reached 
the current value quoted, and even then such a value was only shown 
by an instantaneous kick of the ammeter. In these references to our 
experiments on the “1908” brake I am including tests made both on the 
level and on a г in 8'4 gradient with comparative retardations in agree- 
ment with those quoted by the author. With reference to the ten- 
dency of this brake to cause skidding, it has for some considerable 
time been claimed for it that the wheels never really skid unless the 
brake is outrageously misused, and even then it is of such momentary 
duration that the retardation is unaffected, and throughout our exten- 
sive series of trials on this brake in the presence of independent experts 


it has invariably been observed that skidding was entirely absent. 


If the wheels did really skid at Glasgow I feel that it can only 
have been due to the imperfect setting of the brake, and the fact 
that the generated voltage and current is unusually high and that 
flashing over has occurred, which we have never experienced in our 
tests, seems to add colour to this view. In reference to the loads 
thrown on the motors by the brakes in question, i.e., the “ Newell” and 
the “ Maley,” it is evident, since the underlying principles are similar, 
that in each case the braking forces due to the action of the magnets 
and the auxiliary shoes should, with suitable leverages, be equal, and by 
separately exciting the magnets and measuring the force required to 
drag the cars along against the action of the brakes, I have found by 
actual trial of standard brake equipments that this is practically the case 
in practice. In view of this, it seems strange that on the Glasgow tests 
a very much greater wattage is shown when the “ Maley” brake was 
tested than when trials were made on the “ Newell" brake. The method 
of carrying out the tests seems very crude, and one from which the author 
could hardly expect to obtain reliable figures. It would have been 
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much more satisfactory had recording instruments been used. I cannot 
agree with the author's remarks in paragraph (c), page 417, regarding the 
uneven retardation of the “ 1908” brake, because, provided the rheostat is 
regulated correctly, our experience goes to show that its working in this 
respect is all that could be desired. As independent evidence on this 
point, I might mention that the Tramway and Light Railway Associa- 
tions Report, in fact, remarks on the delicate graduation of the stops 
made by this brake. In regard to the summary, it is a peculiar state- 
ment which the author makes, that on a “1908” brake it is doubtful 
whether a solenoid would reduce the tendency to skid or ensure more 
even retardation. I fail to see why such a device should operate dif- 
ferently with a “1908” brake to the way it does with the Newell brake. 
There has, however, up to the present been absolutely no need to 
consider the advisability or otherwise of adding any such device. 
Mr. A. W. MALEY : I have felt it necessary to speak, because the 
paper is largely a comparison of the Westinghouse brake, and the 
brake of which I am the inventor, the “1908” brake. There are two 
Brakes Committees, one appointed by the Municipal Tramways Associa- 
tion and the other by the Tramways and Light Railways Association, 
both of which have been at work on this subject for three years. All 
the matters referred to in this paper are dealt with in their printed 
reports, which have been published and widely circulated. ` I think 
the chief object of this paper seems to be to make a comparison be- 
tween the so-called “ 1908" brake and the Westinghouse brake with the 
solenoid control. The conclusions arrived at are rather unfair to the 
“1908” brake, which is giving satisfaction at Leeds and Birmingham. At 
Leeds in particular they operate over one of the worst gradients in the 
country, and until they were fitted the Board of Trade would not 
consent to cars with top deck covers being operated over those 
gradients. With regard to the tests, generally speaking I think it will 
be agreed by those who have given much time to the subject, that they 
are of a very rough character, and consequently somewhat misleading. 
Very exhaustive tests with accurate recording instruments were made at 
Leeds on behalf of the Tramways and Light Railways Association by 
Mr. Fell, the chief officer of the London County Council Tramways. 
In view of these published tests, extending for over a fortnight, I 
think the character of the “1908” brake is sufficiently vindicated. The 
conclusions of the author are at variance with the conclusions of the 
Brakes Committees' reports. In the first part of the paper emphasis 
is laid on the fact that the power of the old Westinghouse brake is very 
small. This can very easily be proved, as Mr. Cockshott has 
remarked, by connecting the brake with the trolley line, when it will 
be found that on a very slight gradient if the car is started off at 
6 to 8 miles an hour, the brake will barely check the car, that is to 
say, the generators (the motors, with the brake as used normally) 
have always done the bulk of the work. I have obtained figures for 
the old brake, taking drag on magnets roughly at 1,000 lbs., from the 
leverages shown in Fig. 2, the retardation (assuming 0'25 coefficient 
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between wheels and rail) on the front pair of wheels would be 
836 Ibs., and on the rear pair of wheels 543 lbs., or about 2,400 lbs. in 
all. The retardation, again assuming 0'25 coefficient, of two of the 
No. 26 magnets giving 8,000 lbs. downward pull, would be 2,000, 
so that in the newer type of brake the magnets alone are nearly equal 
to the whole of the brake combination shown in the diagram (Newell 
old type). One might say, “Why not have a solenoid to control the 
field in this type of brake?” I think the effect of that would be to 
restrict the brake to its own power, if the motors are to be prevented 
from doing the large amount of work they do, and the brake would 
not then be anything like as powerful as even the ordinary hand brake. 
It may be of interest to know that this solenoid control was patented 
by Newell, the inventor of the Westinghouse brake, in 190oo (British 
Patent No. go61). It may have been improved in the meantime; I 
am not very familiar with it. The later Westinghouse brake, with the 
magnets arranged with the poles side by side, was undoubtedly a great 
step forward in magnetic braking, but the brake still suffered from the 
defect that, with powerful magnets, such an extreme thrust was put 
on the wbeels that, although a very powerful brake with rolling 
wheels, it was liable to cause skidding for a long distance. I 
have known it in my own experience skid 1oo yards ; Mr. Cockshott 
has said he has known it skid 130 yards. That is very serious, 
because a motorman is absolutely helpless while this is going 
on. He cannot make the brake let go; he must wait until the 
residual magnetism of the motors and fields dies down before 
the wheels will begin to revolve again and give him any effective 
control. You will no doubt be aware that, when the wheels are 
skidding, the retarding effect is about one-third of that when the 
wheels are rolling and being braked to the fullest extent. Those 
figures are taken from Galton's paper.* As I have already stated, the 
solenoid control is ten years old, and I do not understand why it has 
not made more progress in those ten years if it is so excellent an 


invention, and has apparently given such high results. I refer, in 


this instance, more particularly to the London County Council system. 
The tests carried out by Mr. Fell with solenoid control were made 
about the same time as the tests with my brake, about two years 
ago. I am subject to correction, but do not think to-day there are 
many London County Council cars fitted with the solenoid control, 
although the favourable reports are two years old. 

On December 16 and 17, 1908, I was in Glasgow, and the “1908” 
brake was then tested. Mr. Ferguson, the chief Mechanical Engineer 
of the Glasgow Corporation Tramways, and Mr. Dalrymple, the 
manager, were present. What I considered successful tests were gone 
through, and I do not understand why those tests are not included in 
this report. Provided my memory does not fail me in regard to the 
dates, another set of tests taken when I was not there, a week later, 


* Proceedings of the Institution of Mechanical Engineers, 1878, pp. 467 and 490; 1879, 
р. 170. 
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are mentioned in the paper. In the tests on December 16th and 17th, 
the stopping distances were rather greater than on the tests on 
December 22nd and 23rd. The most interesting point was that the 
stopping distance at 19 miles an hour on December 16th and 17th was 
78 ft. I have made a claim which I think will bear examination, that 
the brake does not skid so as to make any difference to the braking 
effect. The most we have ever done with our brake is to cause the 
wheels to stop momentarily, perhaps once, or perhaps twice, but very 
seldom twice. As it was claimed to be a non-skidding brake, and to 
be independent of the rail condition, greasy rails should make no 
difference, and Mr. Gerrard suggested that grease should be put on the 
rails, which was done, and the same tests were repeated over that 
grease. The stopping distance then rose from 78 ft. to 9o ft.—a very 
immaterial increase. This is a confirmation of the tests made by Mr. 
Fell at Leeds. On the very high-speed stops at about 28 miles an 
hour, when an official (Lieut.-Colonel Yorke) of the Board of Trade 
was present, the rails were agreed to be in a very bad state—in fact, 
there was great difficulty in getting the car back up the hill after the 
run had been made; under those greasy conditions retardations of 
84 ft. per second were obtained. 

Mr. W. H. BOOTH : I believe it is generally admitted that electric 
brakes cause a great deal of injury to equipment, and also by a great 
many engineers that it is desirable to add some mechanical standby to 
an electrical brake. I should like to ask the author if a magnetic 
brake is of any service when the car goes off the line ; I think we may 
answer that question ourselves in the negative. I would further ask if 
there is any reason why cast-iron brakes, which are very much more 
efficient in a mechanical brake, should not be used with an electrical 
brake, and the resistances and coils be designed accordingly? Fig. A 
shows a mechanical arrangement applied to a drag brake which was 
tried for some tiine on the Yorkshire Woollen District tramways. The 
arrow а' at the head of the diagram shows the direction of the pull 
which lets down the crosshead f and forces the shoe s upon the rail. 
The drag then shifts the shoe and tumbler ¢ into the right-hand posi- 
tion, and throws the weight of the car upon the shoe. The arrow a? 
shows the pull of a lever upon the pawl r, which serves to hold down 
the crosshead р. Fig. B shows a cross-sectional view of the arrange- 
ment with a centrally placed tumbler / acting at the middle ‘of a stout 
transom c. The mechanical pressure is thus equalised upon the two 
shoes. But usually it would be preferable so to shape the magnetic 
shoes that each of them might have its own tumbler bearing at the 
mid-line of the shoe between the magnetic coils. As stated, the gap 
between the shoe and the rail is f in., and the mechanical brake acted 
extremely well in that position. . The only difference was that the 
brake-shoe was lifted up by rather a stronger spring than usual. When 
tested electrically or magnetically the spring difference was the only 
difference made in the equipment, and the car was brought up very 
quickly, quite as quickly as before this alteration in the spring was 
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made. The officials, however, who watched the test, observed that the 
shoe did not come down to the rail, so that the brake acted entirely as 
a rheostatic brake. Nevertheless the efficiency was very great. It 
appears from this that magnetic brakes should have very light springs, 
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and there is a tendency for shoes to jar down upon the rail when not 
in action. I should like to ask the author in regard to Test Table V. 
how much of the retardation was magnetic and how much of it was 
rheostatic. Has he any figures bearing upon that point? It would be 
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rather interesting to have these. I take it that the whole of the energy 
which is used in braking a car by electrical means must come out of 
the motors, and if so, whichever system is followed, there must be a 
Stress in every case upon the equipment of the car. However useful 
the electrical brake may be for regular running on light work, it does 
seem to me that there ought to be some safeguard in the way of a 
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mechanical equipment. The slides shown illustrate one such system, 
but there are no doubt many other ways by which it can be done. In 
view of the complications and the possibilities of failure of electrical 
brakes, why not go back to a brake actuated on the magnetic system, 
simply from the trolley wire—taking the risk of the trolley coming off 
and the brake becoming inactive, the mechanical brake being then 
thrown into action. It seemsto me that if we have to face the difficulty 
of using a mechanical brake—and I think we ought to do so—there is 
no reason why we should not face the matter boldly by avoiding all 
the stress on the car equipment, by using the current direct from the 
trolley line, using the mechanical equipment as a standby, and using 
it regularly so as to keep it familiar. It may be argued that there is an 
economy of current in using car momentum to generate the stopping 
energy, but to me it seems probable that stopping energy can be 
generated for less cost in fuel and repairs at the big generating station 
than it can be by the car equipment. The latter method is open to two 
very serious objections—viz., the driving of the motors through multi- 
plying gears, and the straining of the expensive car.axles by the reverse 
stresses. Car mechanism as now arranged is very crude, and is not 
calculated to withstand these stresses. 

Mr. H. M. Sayers: I should like to point out the difference in 
principle between an electrical magnetic brake of the Westinghouse 
type and mechanical brakes acting either on the wheel or upon the 
rails. The difference is that with the magnetic brake one can get a 
retarding effect entirely independent of the available weight of the car. 
That is not the case with any mechanical brake. In the ordinary wheel 
brake the amount of retardation that can be obtained is limited by the 
coefficient of friction between the wheels and rails, and is a function 
of the weight of the car. With the track brake, whether applied by 
hand, or by a spring, or air pressure, or in any other fashion, the track- 
shoes simply take some proportion of the weight of the car, and that 
is the limit of the retardation that can be obtained by them. Numeri- 
cally—32:2 x coefficient of friction and fraction of car weight = re- 
tardation in feet per second per second. But with the magnetic brake 
the force available is that of the magnetic attraction between the poles 
and the rail, and the limit of that is the area of the pole-faces. The 
maximum attraction that can be obtained with iron of ordinary quality 
is about 200 165. per square inch, so that multiplying 200 Ibs. by the 
pole-faces area in square inches gives the quantity taking the place of 
the weight in the above expression, and it may exceed the whole car 
weight if necessary. Of course, there is a limit as regards the comfort 
of the passengers and as regards the safety of the car structurally, but 
it is quite impossible by any kind of mechanical brake, whether it is 
applied to the wheels or to the rails by track blocks, to get anything 
approaching the 8 to ro ft. retardation that is available with the 
magnetic brake. In that respect the magnetic brake represents a 
great advance. The history of the magnetic brake, as shown by 
Mr. Gerrard’s paper, is a very interesting case of the development of 
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a crude and destructive device into an economic and useful piece of 
apparatus. The old pattern Newell brake was shown to me many years 
ago when I had to deal with tramcars practically, and I declined to 
have anything to do with it. I said at once it was not a thing that 
would fit the conditions I had to deal with, and I had too much respect 
for my motor equipment to put in such a device. The weak point of 
that was the poor magnetic design of the magnet itself, which called 
for a very large exciting current in order to get anything likea respect- 
able amount of attraction. The magnet design has now been much 
improved, so that the amount of current required is not more than 
IO Or I5 per cent. of that required with the old pattern for the same 
amount of attraction. The other drawback attached to this brake was 
the flashing over of the motors when it was used on a car running at a 
high speed. The author is, I think, the first man to publish the actual 
figures of the voltages obtained under those conditions, and I think 
they will astonish people who have not made measurements of that 
kind. It is certainly not astonishing that tramway motors flashed over, 
insulation failed, and other damage occurred when they were suddenly 
subjected to 1,000 or 1,200 volts. In my opinion, the author deserves 
the thanks of the Institution for having given to it the results of a long 
series of tests, which must have tried his patience and his observing 
and recording powers. The making of brake tests is not an easy or a 
very pleasant matter. On lines in service they have to be made at 
night, or on Sundays, or some other inconvenient time. "The mere 
mechanical difficulties and discomforts of getting actual records go 
a long way to entitle the man who does a large amount of work of this 
kind and then publishes the results to receive the respect and gratitude 
of his colleagues. I think, with all respect to the opinion of one or two 
other gentlemen who have spoken, that the paper deals with a very 
proper electrical subject. The Tramways and Light Railways Associa- 
tion would no doubt have been glad of this paper; speaking as a 
Member of Council of that Association, I would have been glad to 
welcome it for publication ; but there is not the least reason why this 
Institution should not have the advantage of hearing it and discussing 
it. Another feature of brake tests, with which I am sure Mr. Maley 
is as well acquainted as I am, is that brake tests made in different 
places and by different people do not give consistent results. I have 
had to compare and to draw conclusions from a very large number of 
brake tests carried out by different people at different times and in 
different places, and I assure you that if one wishes his conclusions 
from such a set of tests to be respected and given any weight to, he had 
better publish his conclusions alone and not the tests from which he 
draws them. The difference between the results of the tests made on 
Mr. Maley's brake at Leeds by Mr. Fell with a very elaborate set of 
apparatus for the Tramway and Light Railways Association and the 
tests made by Mr. Gerrard, as recorded in this paper, show that there 
must be some essential difference in the conditions which is not 
revealed by the data given. At Glasgow the brake was evidently 
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tried under conditions which were unstable—that is to say, the relation- 
ship between the motors and the brake windings and the resistances 
in circuit were such that surging was set up. At Leeds, no doubt, the 
motors were of a different type, and there were other differences in 
the circuits which gave steady conditions, I can speak for the Leeds 
results, because I saw the whole of the original curves, and they showed 
a uniformly high.retardation. I do not think that Mr. Maley's invention 
should be judged by the results given by Mr. Gerrard, although I am 
not in the least inclined to think that Mr. Gerrard was consciously or 
intentionally unfair to the Maley brake. I think that all the results 
available show that the magnetic type of brake is the best brake there 
is for conditions requiring frequent stops or high speed under more or 
less emergency conditions—that it is the best brake not only for heavy 
tramway traffic conditions, but for heavy general traffic. Under those 
conditions, such as obtain in London, Leeds, Glasgow, and other 
large cities, it is of the highest importance that the driver should have 
power to do almost anything up to just short of destroying his car 
rather than hit another vehicle or pedestrian. For those conditions 
I think the magnetic brake is the best thing there is, and with the 
addition of the solenoid control it becomes very nearly perfect as 
regards its efficiency and ease of operation. But it is a very com- 
plicated device; it adds largely to the complication of the electrical 
wiring and the controller apparatus, and the addition of these so-called 
solenoids is another complication. Mr. Fell in his paper * pointed out 
that the Westinghouse brake has to operate through an electrical 
circuit, using a very large number of controller contacts. It is not 
only necessary that the circuit should be intact throughout the whole 
of the operation, but also that the resistance of the circuit shall be 
very low, because the motors have to build up through the circuit 


‘whatever the resistance is, and a dirty contact, or a loose contact, or a 


wire loose in the terminal may make all the difference between the 
motors. building up and refusing to build up. Accidents due to this 
can only be prevented by careful, skilled inspection, and the regular 
frequent use of the brake tends to detect trouble very quickly. When 
you come to the question of controlling cars down steep gradients, and 
where there is no other reason for using such a brake as the Westing- 
house, I do not think there is any need for such an expensive and com- 
plex apparatus. I notice that the steepest gradient mentioned in the 
paper is 1 in 13. I have had to provide for something considerably 
worse. For coasting down a steep gradient it is essential that the car 
stops at the top of the gradient, and that the track brake is put on 
before it moves, and that cannot be done with a purely magnetic brake. 
So that if a magnetic brake is used on lines with such gradients for 
other reasons there should be added to it means of applying it mechani- 
cally at the beginning of the descent. To make it safe it requires just 
as careful and frequent inspection as if it were used in a busy city 


* Tramways and Light Railways Association, Official Circular, No. 38, February, 
1908 ; also Electrical Engineer, vol. 37, pp. 56, 79, and 124, 1906 
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service, and on poor country lines, on which some of these steep 
gradients occur, that cannot be afforded. "Therefore for such lines I 
remain of the opinion that the mechanically applied track brake is the 
best thing, and it is a great deal cheaper than the magnetic brake. 

Mr. H. E. YERBURY (communicated): 'The efficient braking of 
tramcars is a most important subject, and recommendations relating 
thereto were published in 1908 by the Municipal Tramways Associa- 
tion and the Tramway and Light Railway Association. I take it that 
the author does not suggest that anything new has been introduced in 
this paper, but that a useful discussion might be brought about as 
to the application of a solenoid device for controlling motor field 
current and thus eliminating all danger of skidding car-wheels. It has 
been amply demonstrated that the rheostatic brake is unsuitable as a 
service brake, and although there are hundreds in operation at the 
present moment, the constant application of this brake has a serious 
effect on the electrical equipment, and it should only be looked upon 
as an inexpensive yet effective brake for emergency stops. The 
development of the magnetic track brake apart from the wheel brake- 
shoes was a step in the right direction, and undoubtedly solenoidal 
control of the motor fields for the past year or two has given excellent 
results. It is regrettable that the author has confined his attention 
to one particular form of brake, instead of giving comparative data 
concerning other well-known forms of magnetic track brake where 
auxiliary brake-shoes are pressed down on the rails, but presumably the 
author desires simply to emphasise the fact that with solenoidal control 
much less work is put upon the motors, and “locked wheels” which 
have caused so many serious accidents in the past can now be avoided. 
Tramway engineers cannot fail to agree with the points set out in the 
author’s summary, and it appears to me that it is only a question of 
time before brakes in general will be magnetically operated and 
manual labour will be reduced as much as possible. 


DISCUSSION AT GLASGOW, APRIL 12, 1910. . 


Mr. JOHN FERGUSON: I wish to confine my remarks to a few 
words upon electric braking generally. Electric brakes have not been 
adopted on some systems for various reasons, which are given very 
fully in the paper. The first is that if the electric brake is applied 
quickly, especially at high speeds, the tendency is to stop the wheels 
from revolving and to cause skidding. The second reason is that the 
frequent use of the brake, especially at high spceds, tends to increase 
the maintenance cost of the equipment generally, especially of 
armatures, and it can be readily understood that it has also a serious 
effect upon the car bodies. The third objection is that the brake 
depends for its action upon a number of controller contacts which are 
more or less liable to get out of order ; and the fourth is that it can 
only be applied when the car is in motion. It is therefore impossible 
to tell if the brake is in order when the car is stationary. These are 
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difficulties which exist in any form of electric brake. I think, however, 
it will be evident that the introduction of the solenoid control has 
effectively removed the first two objections ; at any rate there can be 
no doubt that the skidding objection has been removed, and it may 
be confidently expected that on account of the greatly reduced 
demand made upon the motors the armature maintenance cost will be 
materially lessened. We have not had sufficient experience or gone 
far enough in the direction of solenoid control to tell what the reduced 
maintenance cost will be, but from the low voltage and current figures 
given in the paper there can be no question that it will have a very 
beneficial effect upon the equipments generally. The elimination of 
skidding is a great step forward. Motormen cannot fail to appreciate 
the advantage of a brake attachment which enables them, when called 
upon to make a sudden or emergency stop, to apply the brake to its full 
capacity at any speed at which they may be running, without incurring 
any risk of skidding the wheels. The paper, however, does not claim 
that either the third or fourth objection has been removed. On the 
whole, however, after seven or more years experience in Glasgow, we 
have not found that these objections amount to very much. We have 
ascertained roughly that the average number of times the electric 
brake is applied in the course of a day, with a car running an 
average of 120 miles, is just under one application per mile. 
Roughly speaking, the applications of the electric brake throughout 
the year amount to eighteen million. The number of reports received 
during 1909 as to defective electric brakes amounted to 17, and the 
greater proportion of the number when investigated were found 
really not to be defects in the brake, but in its application. 

Mr. W. MCWHIRTER: We are very much indebted to the author 
and to the Glasgow Corporation Tramways Committee for publishing 
the results of work done, so that the public may obtain the full benefit 
of the knowledge acquired. Those who attended the meeting of our 
Institution in Glasgow іп 190г must remember the paper read on 
“ High Speed Electric Railways.” * І think that was an epoch-making 
paper and showed what can be done with a little collaboration. The 
work was done and the cost was borne by the German Government 
and three or four of the largest German manufacturing firms. In 
connection with braking I remember that about thirty years ago the 
Board of Trade, in conjunction with the chief officials of several of 
the railways in England, carried out elaborate experiments on the 
pneumatic brakes then before the public, using various speeds and 
weights of trains, and the commission issued reports which tramway 
managers would do well to study most carefully. On page 399 of the 
paper we get a set of interesting curves giving the vertical pull of three 
types of magnets used in the experiments. I should have been glad to 
see a cross-section of those magnets including a surface contact with 
therails. Magnet 21 has practically reached saturation with 40 amperes, 
the pull being 1,750 lbs., or less than double the pull at 5 amperes. The 
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cross-section of this magnet is obviously much too small for effective 
work. Magnet 26c shows how the above objection has been removed ; 
the increased core section having more than double the pull. Mag- 
net 25C is on the same lines carried further, and the tests show that 
the increase in cross-section of the magnet core has been carried too 
far, as in actual use this magnet, and even 26c, appear to have ample 
pull while magnetised on the vertical part of the characteristic curve ; 
consequently the tractive effort must be very unstable and surging 
readily set up. The curves (page 403) show rheostatic braking to be 
lacking in efficiency and the currents required very heavy. The 
addition of the track magnets seem to form an ideal braking arrange- 
ment, but still the currents are heavy and unnecessarily severe on the 
motors. The author refers to the.enormous rise in voltage when 
braking at high speed; the maximum speed of the Glasgow cars 
running on the level is about 16 miles per hour. Why should that 
rise take place? To my mind it shows that in the design of the motors 
used on the tramway cars there is a superabundance of iron in the 
fields. These experiments indicate that in the Glasgow motors the 
‚ maguetisation at normal load is on the vertical part of the characteristic 
curve. The matter of braking was not perhaps taken into considera- 
tion when the motors were designed, as their primary use was for 
traction, and of course it is necessary that the field magnets should not 
be saturated at normal load, in order that full advantage might be got 
from the heavy currents required on steep grades. 

However, the application of the solenoid control removes the objec- 
tion, and keeps down the rise in voltage at any given speed. I think 
that is a most admirable arrangement, and will be widely adopted if the 
cost of the solenoid arrangement is not too heavy. The result would 
be a great saving in motors, controllers, and the cars generally, and less 
risk of injury to passengers in consequence of emergency stops. Iam 
sure the author did not mean for one moment that any combination 
he has shown us has anything to do with the rise of voltage. His 
experiments, in fact, show that the rise is altogether due to the design 
of the motor fields. I should be very glad to see a cross-section of the 
various magnets (cores and poles) he has mentioned in his paper. 
That of 21 was 6 in., the next is 12 in., and the largest one 16 in. 
I have never seen the magnets, but I think these figures are about 
right, assuming the pull to be 160 lbs. to the square inch. The author 
has given us the results of the tests for stopping quickly at high 
speeds, but I think that stopping at slow speeds going through traffic 
is just as essential. It would be interesting to know the distance 
in which a car travelling at 4 miles an hour could be pulled up. I 
think Mr. Gerrard has said the last word in electric braking. We 
should not take the black view often expressed about the dangers 
of electric braking. The figures Mr. Ferguson gave us should remove 
that doubt entirely. If he has only had one failure in a million 
applications, that figure could hardly be reduced with air brakes or 
any other brakes. 
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Mr. J. M. Scorr MaxwELL: I entirely agree that we are much 
indebted to Mr. Gerrard and the Glasgow Corporation for giving us the 
information in the paper, because the question of brakes is a vexed 
one. Mr. McWhirter mentioned what seemed to me to be a most 
important point in connection with braking, that it is as necessary 
to make tests at slow speeds as it is at speeds of 16 to 18 miles per 
hour. The electromagnetic brake is essentially an emergency brake, 
and is only used as such on the Glasgow cars. An electromagnetic 
brake is not ordinarily used in heavy traffic ; for example, going along 
Argyle Street, and because it is impossible with a hand brake alone to 
stop a car quickly when going at even a moderate speed, an electro- 
magnetic brake for emergencies must also be installed. The combina- 
tion of the hand brake and the electromagnetic brake is not a 
satisfactory one in a city like Glasgow, and as long as we retain this 
combination we shall always have a slow schedule speed, because the 
motorman is not allowed to use the electric brake except when a real 
emergency arises. In place of the present brake combination, air 
brakes should be used, but the whole question boils down to this, that 
the Glasgow cars are single-truck cars, and air brakes cannot be fitted 
for want of room. While discussing the question of double-truck cars 
some years ago, I understand that Mr. Dalrymple said the Glasgow 
street cars are such that it is impossible to put on longer cars. It is all 
a question of turning corners, and I think that some of the Glasgow 
routes could be changed, as it does not appear necessary to turn so 
many corners. In America they have double-truck cars which are 
almost all fitted with air-brake equipments. Now the air brake can 
be tested when the car is standing still, and the motorman can always : 
see that the air pressure is maintained at all times. It would be 
interesting to know how many accidents we have had in Glasgow, not 
at a high speed, but at 4, 6, or 7 miles per hour. It scems to me that 
these lower speeds are more dangerous than the higher speeds, because 
with higher speeds people take more care and clear out of the way 
more quickly. | 

Communicated; There seems to be some confusion between 
schedule speed and maximum speed. It is stated that the Board of 
Trade sets definite speed limits, depending on the traffic conditions. 
The schedule speed is the speed over the whole route, including all 
the stops, and it is evident that if the time taken to stop the cars be 
lessened by means of more powerful and efficient brakes, the schedule 
speed will thereby be increased without increasing the maximum 


speed, i.e., without exceeding the maximum legal limit. The very fact 


that we have more stringent speed limitations in this country than in 
America is all the more reason why we require more rapid acceleration 
and stopping. The former requires more powerful motors, the latter 
more powerful brakes. If we start with the brakes we shall make 
some advance towards an increased speed. А higher schedule speed 
means greater carrying.capacity. The same number of cars can carry 
a greater number of passengers, because more trips can be made per 
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day. This is a better method, therefore, perhaps a cheaper one, to 
meet increasing traffic than adding to the already large number of 
slowly moving cars, and thus still more congesting our main streets. 

Mr. A. P. ROBERTSON: I am very much interested in brakes, not only 
in tramway work, but in other work, such as railway and motor work. 
On looking at the diagrams, 25B magnetic brake, and 26c magnet, 
it seems to me that the type illustrated in 25B is not so good for the 
following reasons. When the brake magnet is excited and grips the 
rail, the two rail-shoes will be pressed against the rail, and will tend to 
lift the weight of the car off the wheels. "This will reduce the friction 
between the wheels and the rails, which constitutes the driving force for 
the armatures of the motors, and they will tend to stop or skid. The 
excitation will then be taken off the magnet, which will weaken the 
lifting power, thus allowing the weight of the car to come on the 
wheels again, and the same cycle of operations will be repeated. The 
result of this will be a tendency to surge, as shown in the curves 
for braking effects. I would ask Mr. Gerrard if he found this so, and if 
this type of brake is still in use. - 

Professor F. С. Batty: The surging in the speed of a car when 
running down a hill is due, doubtless, to a combination of causes. I may 
suggest as another possible cause that the change of magnetism in the 
electromagnet lags somewhat behind the change of current. When 
the speed and current rise the brake delays action, and similarly when 
speed is reduced by the brake the braking action is prolonged beyond 
the fall of the current. The same lag will exist in the magnetic circuit 
of the motors, and the combination of the two will amount to quite an 
appreciable interval. This will certainly increase the surging, and it 
may be worth while to consider the interposing of very short air-gaps 
in the iron circuit of the electromagnet, not only the natural ones at 
the junction to the rails, but also in the yoke-piece on either side of 
the bobbin, as is done in Mr. Raworth's magnetic clutch. It would be 
hardly practicable to apply the same idea to the motors. Ata first 
reading of this paper several criticisms occur to one's mind, but a more 
complete grasp of the various sides of the problem shows that improve- 
ments in one direction usually cause trouble in another. I take it that 
over-voltage is the difficulty which has brought about the solenoid 
control It is obvious that a motor built to give 500 volts at full 
current, at a speed of 8 miles per hour, will give over 1,200 volts at 20 
miles per hour if the full current is allowed to flow through, and the 
usual starting resistances will not be large enough to control the 
current under so high a voltage. Hence the necessity for shunting the 
fields. The control also diminishes skidding, but this could be brought 
about by arranging a suitable saturation value for the magnet, a 
simpler plan than the solenoid control. In addition to the voltage 
regulation, there is the necessity of obtaining full braking at slow 
speeds, which calls for an easily excited electromagnet. Then comes 
in the surging and skidding questions if the magnet is too powerful, 
and these must be checked by strictly limiting the section of iron 
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in the magnet. I think a magnet with a good deal of leakage will 
be beneficial in this respect, with uniform cross-section of iron, and 
the air-gaps above mentioned will assist in this direction. The 
section may even be slightly throttled before the pole-pieces are 
reached. Such a magnet will give a tractive force which reaches a 
high value at a low current, and increases very little with subsequent 
increase of current. With the size suited to the weight of the car 
such a magnet would almost eliminate both skidding and surging. 
I gather that, from the drawings in the paper, the latest form, 26c, 
contains some of these desirable features. Mr. Gerrard appears to 
have worked out a solution in which all important points have been 
successfully considered. 

Mr. S. Mavon: The improvement effected with the side-by-side 
arrangement of the brake-shoes might be due in part to the shorter 
magnetic circuit through the electromagnet and through the rail as 
yoke, but in this type the magnetic leakage would be greater. The 
area of surface contact of the brake blocks on the rail would also be an 
important factor, and it would be interesting to have information as to 
surface contact of each of the two types. 

Councillor S. Ноєү : As a member of the Corporation Tramways 
Committee, I am only too pleased to have been able to listen to the 
paper, but I am not at all glad to hear the remark that the last word 
has been said on the question of electric brakes. I came here to-night 


` thinking that I should hear of improvements in brakes, but I have been 


disappointed. 

Mr. С. STEVENSON: The paper is very complete and very full, so 
far as the technical side of braking is concerned, but after looking 
carefully over it, I can find no reference to the cost of the various 
systems described. I think the author should tell us something in this 
connection, not only with regard to the initial cost of the different 
types of brake, but also the operating costs per car-mile. I take it that 
this side of the question was not left out of account in settling the best 
type of brake to meet the conditions obtaining in Glasgow. With 
regard to Test Table No. V., I notice that the author gives the approxi- 
mate speeds in miles per hour, worked out to three decimal places, 
which is rather unnecessary. 

Mr. GERRARD (in reply) : Mr. Peck has just made a very interesting 
contribution to the discussion, which, however, calls for very little 
reply; his views on the destruction of the equipment and the brake 
question in general, practically coincide with mine. Regarding 
maintenance cost, there is no doubt that it must be very high on 
systems where the old type of brakes are being used for both service 
and emergency stops. Regarding Mr. Cockshott's remarks, I find that 
he concurs in all that I have said about the old type of magnet being 
far from ideal; he also endorses my remarks about the new type of 
magnet being very powerful, and about the difficulty we all experience 
with skidding wheels when making quick stops at high speeds. He 
describes his experiences when making stops at 26 miles per hour on a 
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gradient of 1 in тт, but these only bear out what I have been saying, 
namely, that solenoid control, or some similar method of grappling 
with the high voltage, and thus preventing the motors from being 
overloaded to the extent of skidding the wheels, is urgently required 
on all systems using the electric brake. I am pleased to find that he 
agrees that the solenoid device {о some extent reduces skidding. I 
‘can, however, safely assert that by solenoid control he could so reduce 
the work allocated to the motors as to absolutely prevent skidding. 
He states that the maximum voltage recorded during tests at Leeds 
was very much lower than at Glasgow, which is quite natural, as the 
equipments on the two systems are quite different ; however, he admits 
recording 89o volts, which is 50 per cent. too high. The reason why, 


in my opinion, solenoid control would not prevent the “ 1908” brake 


from skidding the wheels, although it would reduce the voltage, is that 
the design of the brake is against it. As I previously mentioned, this 
brake is designed to transfer a proportion of the weight of the car 
from the wheels to the auxiliary track blocks. Ву doing this we are 
removing the mechanical load from the wheels while still retaining the 
electrical load on the motors. We are robbing the motors—which 
are, of course, for the time being, generators—of their only available 
source of power, while they are practically running on short circuit, 
therefore the armatures cease to revolve and the wheels skid. Mr. 
Cockshott stated that he had seen no surging in Leeds while coasting. 
This paper only deals with the results obtained in Glasgow, and there 
was no doubt about surging there. While coasting down a gradient of 


I in 13 on this electric brake, the car would be brought to a standstill ; 


then when the magnets became demagnetised and rose from the rails, 
the car would plunge forward, only to be brought up again, and so on. 
In reply to Mr. Maley, I might state that the Glasgow Local Section 
invited me to write a paper, and I chose this subject for it—firstly, 
because it was uppermost in my mind at the time, and secondly, 
because, so far as I know, it is quite a long time since the Institution 
had a paper on this subject. Regarding my tests being of a rough 
character as compared with those carried out by Mr. Fell for the 
London County Council, if I had ever anticipated that the results 
of my tests would be embodied in a paper and that I should be invited 
to read it in London, I would undoubtedly have endeavoured to obtain 
the most up-to-date self-recording instruments ; but I think that the 
instruments which I did use and the methods which I adopted, have 
given results which are quite conclusive. Had the results from the 
two cars been within 2 or 3 per cent. as regards the voltage, we would 
have gone over the tests again, but when we find that the voltage from 
one car is 1,200 and the other 600, I do not think that a change of 
instruments would have materially affected the result. Regarding 
the original Newell Brake, Mr. Maley points out that the motors did 
the greater part of the work of retardation and the brake very little. 
That is quite true, hence the reason for designing a more powerful 
magnet. By referring to Test Table II. (Tests C and D) it will be seen 
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that we have reduced the current required while coasting on the easy 
gradient from 12'6 to 3'4 amperes, and on the heavy gradient from 
30°6 to 12°15 amperes, which clearly shows that we are transferring the 
work from the generators to the brake. He also states that solenoid 
control is nota new idea. That is quite true, but in all probability 
those who acquired Mr. Newell’s patents thought that the brake was 
quite good enough without solenoid control—in any case, it was 
dropped. However, I wish to state that neither the present officials 
of the Westinghouse Company nor I myself knew of such a patent; 
we started on original lines. I note Mr. Maley admits skidding with 
his brake when he says, “The most we have ever done with our brake 
is to cause the wheels to stop momentarily, perhaps once, or perhaps 
twice, but very seldom twice." This bears out exactly what I found 
and have shown in Table IV. Itis quite evident that if we observe two 
distinct skids in a stop which is made in 3 to 4 seconds, they can 
only be momentary ; but the fact remains that these motors were 
overloaded to the extent of skidding the wheels and were therefore 
doing more than their fair share of the work of retardation. Regarding 
the slides shown on the screen and the remarks made by Mr. Booth, 
I do not see that they have any bearing on the subject before us, 
namely, the braking equipment at Glasgow. Не advocates relieving 
the motors of any share in the retardation of the car and suggests 
exciting the magnets from the trolley line. This would be quite 
practical оп some bogie cars where there is any amount of room to 
instal multipolar magnets, but I am afraid that it is impractical in the 
ordinary 6-ft. wheel-base truck. If we relieve the motors of their share 
in the retardation, we must substitute something else, and the only way 
to do this is to increase the size of the magnets, or instal more of them 
per car. I could not, however, advocate drawing current from the 
generating station to retard the car when we already have an efficient 
generating plant on each саг; besides, it would be a most dangerous 
policy to depend on a power station for both propelling and retarding 
power. For instance, if the circuit breaker were to open at the power 
station when the car was ascending a steep gradient, the motorman 
would have to prevent a run-back by means of the hand brake alone. 
In reply to Mr. H. M. Sayers,I wish to thank him for his very practical 
and instructive contribution to the discussion and for the remark he 
made regarding the trouble one has to put up with in order to obtain 
comparative results from tramcar brakes. He mentions that the 
steepest gradient we tested the brakes on was only 1 in r3. Iam 
thankful to say we have no steeper gradients at present. Не also 
mentions that it is a disadvantage not being able to apply the magnetic 
brake before the car leaves the top of a gradient. But if desired, this 
can quite easily be arranged for. The electromagnets can be applied 
mechanically in the same manner as any other mechanically applied 
track brake ; so by this arrangement we obtain an efficient track and 
wheel brake combination, mechanically applied, with the advantage 
that it can be magnetically applied, either separately or conjointly with 
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the mechanical gear. When approaching a steep gradient this braking 
combination can be applied mechanically and.the car then propelled 
over the crest of the incline; when coasting it could be magnetically 
applied as desired. 

Regarding Mr. Ferguson's very interesting remarks, his views and 
mine practically coincide. Mr. McWhirter asks for the cross-section 
of the various magnet cores. The core of the old type of magnet 
is 3} in. diameter = 8'2 sq. in., whereas the core of the new type 
is approximately r9 sq. in. He is of the opinion that the 
25B magnet is too powerful. That is exactly what we found in 
practice with a rio-ton car. The small new 26c type is the most 
suitable magnet for our work. We can get a higher retardation from 
the large magnet, but when coasting it sets up an objectionable 
surging effect, so we are obliged to part with it and use the small 
magnet in order to get steady coasting. With reference to the super- 
abundance of iron in the motors, the point before us was to take the 
motors as we found them, with the high voltage on the brake side, and 
see what we could do to reduce it. These machines were specially 
designed for traction work, and I do not suppose that the question of 
braking the car through the motors was taken into consideration at all 
when they were being designed. Mr. McWhirter is quite right in 
assuming that the voltage would be high when operating in conjunction 
with any ordinary braking combination. It makes no difference to the 
voltage what type of brake is in use ; it is the skid proof device or 
double solenoid which checks the rise in voltage. 

Mr. Maxwell is wrong when he assumes that we use the hand brake 
at low speeds because the electric brake is inoperative. We can use 
the electric brake with the very best effect, even when the car is run- 
ning dead slow, but our motormen are taught to use the electric brake 
only for emergency and coasting, the hand brake to be used for 
ordinary service stops. Не is anxious to know why our schedule 
speed is low, when compared with American practice. That question 
I cannot answer. The Board of Trade determine what the speed shall 
be on the various sections of the system. As to why we have never 
introduced air brakes, my answer is that we already have a complete 
generating system on each car from which we draw our braking power, 
and our immunity from accidents with electric braking is such that we 
are not warranted in equipping the cars with air brakes, which would 
only increase the weight and equipment of the car without giving 
additional security, as accidents are not unknown on tramway systems 
equipped with air brakes. It is quite true that an air brake can be 
tested and applied if necessary before the car is started down a gradient, 


. Mr. Gerrard. 


but an electromagnetic track brake can quite easily be fitted with an’ 


attachment for mechanically pressing the track-shoes down upon the 
rail, and in that way converting it into an efficient mechanical track 
and wheel brake. When coasting down the gradient the magnets 
can be energised from the motors and the mechanical attachment 
released. 
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Professor Baily’s remarks on surging are dealt with very ex- 
haustively in the paper. When surging takes place, it is usually found 
that the magnets are too powerful and probably sluggish in excitation, 
but there is another cause not previously mentioned, namely badly 
trimmed brakes. If either the track or wheel-shoes, or both, are badly 
trimmed, the car when coasting will attain a higher speed before the 
brake acts than when the shoes are properly trimmed, and in that way 
will set up surging. Regarding the suggestion that skidding could be 
eliminated by arranging a suitable saturation value for the magnets, 
I am doubtful of any good resulting from a change in that direction, 
because skidding does not result so much from the retarding action of 
the magnets as from the overload on the motors. 

Mr. Mavor asks for the cross-section or area of the various magnetic 
track-shoes. The area of the old type is 23 sq. in., the small new type 
23 Sq. in., and the large new magnet 26 sq. in. Of course the small new 
magnet, the 26c, is designed to occupy as little space on the truck as 
the old type. 

In reply to Councillor Hoey, I left it to the members present to 
judge for themselves ; however, I think we have come to a point in 
electric braking from which we cannot go very much further. The 
Westinghouse Company and the Glasgow Corporation Tramway De- 
partment both deserve great credit for carrying on this pioneer work 
which has cost them a considerable amount of time and money, as well 
as careful thought. 

Mr. Robertson asks if the “ 1908" brake does not tend to lift the car 
off the track. This brake was designed to transfer a portion of the 
weight of the car from the wheels to the auxiliary track blocks. In 
my opinion it is a mistake to do so. It should be the policy of tram- 
way engineers to retain as much weight as possible on the wheels, in 
order to prevent derailment. | 

The PRESIDENT: I will now ask you to accord a hearty vote of 
thanks to the author for his paper. | 

The resolution of thanks was carried with acclamation. 
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Proceedings of the Five Hundred and Seventh 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
April 21, 1910—Dr. GISBERT Kapp, President, 
in the chair. 


The minutes of the Ordinary General Meeting, held on April 7, 
1910, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having been 
approved by the Council :— | 


TRANSFERS. 


From the class of Associate Members to that of Members:— - 


Wellington E. Groves. | Edgar J. Kipps. 

From the class of Associates to that of Associate Members :— 
Thomas Ferguson. | Wm. М. Selvey. 

From the class of Students to that of Associate Members = 
Edwin V. Caton. Albert E. Jepson. 
Harold Craske. Stanley H. May. 
Harold C. Heath. Frank G. Warburton. 
Benjamin F. Hill. Gilbert Whitaker... 
Edgar Hoyle. | John W. Wilkinson. 


Ratcliffe Wright. 


Donations to the Library were announced as having been received 
since the last meeting from L. Crouch, Gauthier-Villars, H. Hirst, 
A. Marson, H. Sutton, E. and Е. N. Spon, Ltd. ; to the Building Fund 
from W. A. Del Mar, S. Evershed, W. McGeoch, J. C. Matthews, 
N. Tesla, H. D. Symons ; and to the Benevolent Fund from L. Birks, 
S. Sharp, and W. Н. Miller, to whom the thanks of the meeting were 
duly accorded. f 
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The PRESIDENT read the following list of Council nominations for 
election to the Council for the ensuing Session :— 


MEMBERS NOMINATED BY THE COUNCIL FOR OFFICE, 
1910-11. 


As | President. 


New Nomination S. Z. DE FERRANTI. 


As Vice-Presidents. - 


Remaining in Office i S B F.R.S 


W. H. PATCHELL. 
New Nominalions i J. H. E zn 


As Ordinary Members of Council. 


( W. W. Cook. " 
G. K. B. ELPHINSTONE. 

! W. JUDD. : 

| PROFESSOR T. MATHER, F.R.S. 

"T" W. M. MORRISON. 
Remaining in Office ¬ Maor W. A. J. O'Meara, C.M.G. 

J. F. C. SNELL. 

| G. STONEY. . 
A. H. WALTON. 


LC. Н. WORDINGHAM. 


(H. DICKINSON. 
| J. E. KINGSBURY. 
New Nominations 4 P. V. MCMAHON. 


К. К. Morcom. 
LS. L. PEARCE. 
As Associate Members of Council. 


E. RussELL CLARKE. 


Remaining in Office T E. TAYLOR. 


New Nomination S. MORSE. 


. . As Honorary Treasurer.. 
For Re-election ROBERT HAMMOND. 


As Honorary Auditors. 


{ H. ALABASTER, 


r- ] : 
For Rr-election SIDNEY SHARF. 
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Mr. W. A. CHAMEN: In accordance with Article 45, I wish to 
nominate Mr. H. Faraday Proctor, of Bristol, as a candidate for a 
Member of Council. I have the honour to propose him myself, 
he is seconded by Mr. W. W. Lackie, of Glasgow ; and the following 
are the supporters who have signed the nomination paper: Messrs. 
H. Collings Bishop, Arthur Ellis, H. D. Munro, E. G. Okell, Herbert T. 
Sully, C. A. L. Prüsmann, Walter J. Bache, R. A. Chattock, T. O. 
Callender, David E. Roberts, Theodore Schontheil, and Н. J. Hodgson. 

I hope every one will understand that I do not take this course in 
any spirit of antagonism to the Council. It is because I find, with 
regret, in various parts of the country, and particularly in the West, 
that this Institution is not looked upon with that favour which I am 
sure we all wish it were. There is a feeling abroad, I regret to say, 
outside of London at any rate, that no one has any interest in the 
election of Members of Council except the Members of Council them- 
selves. I wish to show by this action of mine and of my supporters 
that that is not the case, and that the members of the Institution can 
have, if they so wish, a share in the election of Members of Council. 
Mr. Faraday Proctor, although he may not be known to a large number 
of London members, is known very well to a great number particularly 
in the West of England, and I know that he can attend the meetings, and 
would bea most useful Member of Council. Iregret that when last I was 
a Member of Council I was unable to attend. I think we ought to have 
members from the Provinces who can attend. I believe this will be the 
first time that there has ever been a genuine ballot for the election of 
Members of Council. I feel that the members and associate members 
all over the country will take a far greater interest in our Institution if 
they realise that they can all vote. In other Institutions the Council 
themselves nominate a larger number of members to fill the vacancies. 
than there are vacancies to fill, so that each year there is an election by 
the members. That has been found a most desirable course, and I 
would press upon the Council the desirability of following it in future. 
With these few remarks in explanation, I beg to hand in to the 
Secretary, as the Article requires, the nomination papers, including the 
written consent of Mr. Faraday Proctor. 

The PRESIDENT : I thank Mr. Chamen for the trouble he has taken 
in this matter. The Council has the desire fully, justly, and fairly to 
represent the wishes of all the members, and the action taken by Mr. 
Chamen is helpful in this direction. On this occasion I wish to remind 
the members that it is in the province of every member before the 
election comes on to send to the Secretary suggestions with regard to 
the names of the Members of Council. It is always an assistance to 
the Council to know the wishes of the members, and if members send 
in suggestions they will be duly considered. . With regard to Mr. 
Chamen's nomination, it will be sent out along with the list of names 
prepared by the Council, and thus put to the vote of all members, 
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HYDRO-ELECTRIC INSTALLATIONS OF SWEDEN. 


By AUBREY V. CLAYTON, Member. 


(Paper received October 25, 1909, and rcad їп London on April 21, 1910.) 


It is impossible within the scope of this paper to do more than 
briefly describe a very small number of the hydro-electric installations 
of Sweden, but before proceeding with the principal subject it may not 
be amiss to describe shortly the characteristics of the country, as I find 
that many people have only a very hazy knowledge of the subject. 
The general idea is that Sweden is a little place somewhere up North, 
excellent for tourists and for winter sports, but of the serious side of 
Swedish life there.seems to be no conception whatever. The length of 
Sweden is 986 miles, or nearly three times the length of England. Its 
area is 170,713 square miles, or about three times that of England and 
Wales together. The population is 5,377,713, so it will be seen that it 
is very sparsely inhabited when compared to England, the average 
population of Sweden being 32 inhabitants per square mile, while that 
of England and Wales is about 500 per square mile. The population 
is more dense in the South, where in one county it goes up to 240 per 
square mile, while in the North it is only 2:6. It seems remarkable 
that a country having such a small population should be able to supply 
itself with all its wants. Industries, such as locomotive building, 
shipbuilding, carriage and car works, linen, cotton, and woollen manu- 
factures, all classes of engineering and foundry work, electrical trades, 
electrochemical works, brick and glazed tile works, pianoforte and 
organ works, ctc., are in the very highest stages of development, and 
whereas the country's requirements of the articles produced in these 
various trades were formerly important, {һе products of the home 
industries now supply nearly all wants, and in many cases even a 
considerable export trade in them has been built up. 

The country is very hilly, abounding in lakes and watercourses, and 
the falls on these waterways have made it a busy hive for the electrical 
industry since the commercial development of electrical power trans- 
mission. At the same time, it may be stated that the present flourishing 
condition of many Scandinavian industries is due to the successful. 
commercial development of electricity, whereby cheap power has 
become generally available. The area of lakes in Sweden is 13,900 
square miles, and from this some idea of the enormous quantities of 
water available will be gleaned. My colleague, Lieutenant Lübeck, 
has estimated that the amoünt of water-power available in Sweden is 
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equivalent to 3,800,000 Н.Р. Of this only 550,000 Н.Р. is at present 
harnessed, so that there is plenty of scope for further development. 
That the equipment of the falls is proceeding very rapidly, however, 
may be gathered from the fact that in тдоо only 253,000 Н.Р. was 
utilised, or less than half of what is now employed. In the neigh- 
bouring country, Norway, there is available 4,800,000 H.P., of which in 
1906 only 250,000 H.P. was utilised. However, since the advent in the 
last few years of new electrical processes for the production of 
fertilisers from the air, considerable additions have been made to this 
figure, so that now the falls harnessed, or in course of being harnessed, 
represent approximately 550,000 H.P., or about the same as Sweden. 

The use of water-power dates back to the very earliest ages ; and 
there may still be seen in many places good examples of old-world 
waterwheels. These wheels were used for a variety of purposes, such 
as grinding mills or pumps, and very largely for iron works. Primitive 
blast furnace blowers, and power hammers may be seen at a few 
places, and some are even at work to this day. These hammers consist 
simply of a tappet-wheel placed on the waterwheel shaft. Everything 
is made of wood, except the hammer head itself. They were used 
largely for working the puddled iron or “ Lancashire," as they call it. 
For these ancient iron industries, which were of small capacities, no 
transmission of the power was required, as the blast furnaces with the 
iron works were placed beside the water courses. With the growth of 
the iron works and the introduction of rolling mills, for which larger 
powers were required than could be obtained from the individual local 
falls on which the works were situated, a demand grew up for power 
transmission in order to bring the power from falls situated a little 
higher up or lower down the water courses, and concentrate all 
to the point where the works were situated. This demand for power 
transmission was in part filled by wire-rope transmission, but this 
system is very limited as to the distance to which power can be 
supplied. Some good examples of power transmission by wire rope 
still exist. 

Another system of transmitting power which is of much earlier date 
than wire-rope transmission consists of a number. of wooden beams 
linked together at the ends and supported at intervals clear of the 
ground. 'These linked beams are placed in two parallel lines about 
4 or 5 yards apart, and the cantilever supports, which hold them about 
4 ft. from the ground, are hinged so as to allow them to be freely 
pushed or pulled longitudinally. То the ends of each line of these 
linked beams arc attached a pair of connecting rods from cranks on the 
waterwheel shaft which give a slow reciprocatory motion to the links ; 
one side of the line thrusting, while the other pulls. These trans- 
missions were very widely used for mine pumps and for blast furnace 
blowers, in which cases the slow reciprocatory motion was very suitable 
for use at the receiving end of the line, as it was not necessary to 
reconvert to a rotatory motion. Some of them were quite long, and 
their efficiency is claimed to be very good. 
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With the advent of electricity a new era began, and between {һе 
years 1885 and 1889 power transmission by this means was touched 
on slightly. It was not, however, until the invention of the 3-phase 
alternating-current system that any real advance with electrical trans- 
mission was made. The first 3-phase transmission in Sweden was 
tried in 1890, and in 1893 a transmission on what was for that time 
quite a large scale was inaugurated. "This transmission, the forerunner 
of the present enormous business in this branch, was of 400-H.P. 
capacity, and this power was sent from the Hellsjón falls to the 
Grangesberg iron mines—a distance of about то English miles. By 
courtesy of my friend Mr. Edstróm, the Managing Director of the 
General Electric and Manufacturing Company of Sweden, who carried 
out the original installation at Hellsjón-Grángesberg, I am enabled to 
give the following particulars of this pioneer power house. 

The original plant consisted of four water-turbine-driven generators 
each of тоо Н.Р. Three of these are of 3-phase design and supply 
power to the pumps, haulage gears, hoists, and other machinery at the 
mines, while the fourth is a single-phase generator for lighting pur- 
poses. All operate at 70 cycles, and run at 600 revs. per minute. 
Current is generated at low voltage and transformed up to about 
9,000 volts for the line transmission. It may be remarked that for 
a pioneer scheme built seventeen years ago the voltage of 9,000 was 
quite high. The generators are of the rotating. armature type, having 
inwardly projecting field poles, just like an ordinary direct-current 
multipolar machine. The carcase, or yoke and poles, are of cast iron. 
These machines very closely resemble the earliest make of American 
alternating-current machines, and in fact the type was introduced to 
Sweden by the late Mr. Ernest Danielson, who before his connection 
with the Swedish Company in 1892 had been a designer of electrical 
machinery in America. This type of machine, while it presents some 
advantages, has been abandoned in favour of the rotary field type 
except in the very smallest sizes. 

Before leaving this Hellsjón station, which has no interest beyond 
an historical one, it may be mentioned that the original machinery 
installed is still at work 24 hours daily. As illustrative of the enormous 
development of the use of electrical power, it may be noted that the 
Grangesberg mines now employ about 6,100 Н.Р. electrically, and on 
account of scarcity of power have recently acquired new waterfalls of 
about 15,000 H.P., and the work of harnessing these electrically is at 
present in progress. | 

Alby.—Alby has been chosen among the power stations to be 
described on account of its having been partly acquired by English 
capital, and the name may be familiar to many. И 15 one of the older 
power stations, and was built in 1898-1899, fifteen months being taken 
for its completion. The power from the Alby falls (which are situated 
on the Ljungan river) is used partly for the production of calcium 
carbide and partly for the manufacture of potassium chlorate. The 
carbide is exported to all parts of the world, principally to the English 
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Colonies and South America, while the chlorate of potash is employed 
in the manufacture of matches. 

The original power plant installed at Alby consisted of two genc- 
rators of 1,100 H.P. each, generating direct current at 220 volts for the 
manufacture of the chlorate by electrolysis; one 2-phase 26-cycle 
2,000-H.P. generator and two soo-H.P. single-phase generators for 
carbide production; besides two 360-H.P. continuous-current gene- 
rators for excitation. АП these machines are direct driven from 
horizontal shaft turbines. A few years later the power station was 
extended by erecting another r,100-H.P. direct-current generator for 
chlorate manufacture, and another 2,000-H.P. 2-phase generator for 
carbide, with corresponding extensions to the chlorate and carbide 
works. With the addition of some smaller sets for driving light rail- 
ways, and some auxiliary machinery for making packing barrels, boxes, 
etc., these extensions brought up the total power installed at Alby to its 
present figure—9,760 Н.Р. The current from the 2,000-H.P. 2-phase 
generators is delivered at 2,000 volts, and is transformed to the voltage 
required for the carbide furnaces by transformers situated immediately 
behind the furnaces. 1,000 H.P. is required for each of the larger 
furnaces, each phase of the 2-phase generator supplying a furnace, while 
the 500-H.P. generators are of low-voltage type, work in parallel, and 
supply three smaller furnaces directly. In 1906 the carbide works 
were still further enlarged, and the power for these extensions is 
supplied from falls lower down the river at Ringdalen, about 14 miles 
from Alby, and is transmitted at 10,000 volts. 

We now come to the construction of the power plant. "The first 
portion of the water intake canal is built of ordinary earthwork, and 
the latter portion near the power house end is constructed of stone 
masonry, the fall at this point being too high for earthworks. The 
total length of the canal is 700 yards, of which 170 yards are built 
of masonry, and there are no less than 280,000 cub. ft. of stonework in 
it. The velocity of the water in the earthwork part of the canal is 
I ft. per second, while in the stone part it is 1:6 ft. In constructing the 
earthworks of the canal a sponting or core of tongued and grooved 
planking has been left in the middle of the earthworks to prevent 
percolation. From the end of the canal where it opens out into a large 
basin or settling pond, tubes of wrought iron convey the water directly 
down to the turbines which are situated in the power house itself. 
There are seven tubes, five of these are 6 ft. diameter, and two are 
8 ft. diameter. Of the five smaller tubes, three supply the turbines of 
the т,ооо Н.Р. direct-current generators, and two the turbines of the 
500-H.P. alternators and exciters. The remaining two large tubes 
supply the turbines of the 2,000- H.P. 2-phase generators. The length 
of these tubes is 72 ft. and the velocity of water in them is 5'5 ft. 
per second. The turbines work under a head of 69 ft. to 75 ft., of 
which 15 ft. is obtained from the suction draft tubes, the turbines being 
placed in flumes on the machinery hall floor, above the tail race level. 
The length of the tail race is 160 yards, and the velocity of water 
in it from 2'3 ft. to 3:3 ft. per second. | 
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The base of the power house is built of concrete, the station floor 
on which the turbines and generators are situated being supported 
on arches which form separated chambers for the water discharge 
from the turbines. The power station itself is of brick. As regards 
the machinery in the power house, such enormous strides have been 
made of recent years in this direction that it cannot be considered 
as an example of good modern practice. In this power station the 
outer cases of flumes of the turbines were made of cast iron, a practice 
now abandoned for large-sized modern turbines. On one occasion, 
one of the outer cases burst owing to a flaw in the casting, causing 
much damage to the station and loss of life, before the water at the 
inlet gates could be shut off. 

Ringdalen.—Fig. 1 shows the drawing of the newer power station 
at Ringdalen, which also supplies power to the Alby carbide works. At 
Ringdalen the fall is 52 ft., and in the power station are five 1,100-H.P. 
single-phase generators, one 600-H.P. 3-phase generator for supplying 
motor and lighting load, and two 200-H.P. exciters. All the generators 
supply at 10,000 volts directly, at which voltage the power is trans- 
mitted to Alby and transformed down to suit the carbide furnaces and 
the 3-phase motor and lighting supply. Each 1,100-H.P. generator 
supplies one carbide furnace and has its own transmission line with 
step-down transformers, so that they form five complete separate 
and independent units. All the generators are driven by direct- 
coupled single-wheel turbines. The length of the water intake canal 
is 450 yards, and the speed of the water in it is 1 ft. per second. There 
are six iron tubes to convey the water from the settling pond down to 
the turbines, one each for the five 1,100-H.P. 3-phase generators and the 
two exciters. All the tubes are 6} ft. diameter. The power station 
is built much on the same lines as that at Alby, but is more modern in 
its arrangements in the machinery hall. 

Gullspang.—The next station to be described is Gullspang, and it 
possesses several points of interest. This power station is in the 
southern part of Sweden, and the falls are situated on a short river 
between the lakes of Skagen and Vanern. The falls are now owned by 
the Gullspang-Munkfors Power Supply Company, which was formed in 
1906 to acquire and develop these Gullspáng falls together with some 
other falls at Munkfors, and to supply the power from them to a 
number of neighbouring towns, iron works, and other industrial under- 
takings. The powcr is transmitted at 40,000 volts, and the greatest 
distance to which it is at present delivered is about 50 English miles. 
The level of the water in Skagen is about 79 ft. above the level of the 
water іп Lake Vänern. Lake Skagen has an area of 50 square miles, 
and forms an ideal natural storage for the water supply, allowing of 
regulation for the wet and dry seasons. An idea of the value of this 
natural water storage in Lake Skagen may be gained when it is stated 
that, whereas the lowest water flow observed in 1906 was 9so cub. ft. 
per second, it is calculated that by damming up the water in Lake 
Skagen and regulating the flow, an average flow of 1,600 cub. ft. per 
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second can be obtained all through the low-water period, an increase 
of 70 per cent. over what could otherwise be obtained. The mean 
water flow at Gullspáng for high- and low-water periods is about 2,550 
cub. ft. per second. The distance by land from Lake Skagen to Lake 
Vanern is at one point only 1} miles, but the length of the river con- 
necting the lakes, and upon which the Gullspang power station is 
situated, is 8 miles. In its course are two falls, or, more strictly speak- 
ing, rapids, namely, Gullspáng Rapids, having a fall of 67 ft. in a 
distance of about half a mile, and Aris Falls, of about 1o ft. The 
Gullspang Rapids are about 5 miles down the river from Lake Skagen, 
while the Årås Falls are at the outlet to Lake Vänern. The power 
station is at Gullspang, and it is intended eventually to utilise the 
second falls at Ar&s by deepening out the tail race from Gullspang 
down to Aras. At the point where the power station is situated the 
river runs through steep walls of rock, and in order to build a dam 
across the stream, the water had to be diverted from its natural course 
through a temporary tunnel blasted through the rock. This was, of 
course, a very costly proceeding, but under the peculiar circumstances. 
no other way of doing the work satisfactorily was possible. This 
tunnel was about 60 yards long and 30 ft. diameter. After the dam 
was completed the tunnel was closed up. When the course of the 
water was diverted through this tunnel and the river bed was laid dry, 
it was found that the bed of the river did not, as had been expected, 
consist entirely of rock, but that in order to get to the solid rock con- 
siderable excavation would be necessary in the middle and towards 
one side. As this would have entailed immense expense the original 
plan of building a gravity dam straight across and supporting it on the 
solid rock bed was abandoned, and instead an arch-formed. dam was 
built on that portion of the river where the solid rock could not be 
got to without excavation. 

Fig. 2 shows a section of the stream bed and plan of the dam. 
From it will be seen the bottom of the stream and also the deeper rock 
formation. The straight part of the dam constructed on the gravity 
principle, which rests on the solid rock bed, was brought out as far as 
possible so as to make the arch part short. This latter part of the dam 
depends for its stability on its arch-like properties, the crown of the 
arch, as it were, being against the stream or head of water and the arch 
buttressed or wedged in between the solidly supported ends. By 
employing this means of construction an enormous saving both in the 
cost of excavation and of material employed was effected. By a refer- 
ence to Fig. 2 it will be seen that the section of that part of the bed 
which would have had to be excavated about equals the profile of the 
existing dam itself, and if the extra breadth of base which would be 
required for a gravity dam be taken into account, the cubical contents 
of this extra portion will be found to be as great as that of the existing 
dam ; that is to say, the amount of material required would have been 
just double that which has been used, and to this would have to be added 
the cost of excavation. The front of the dam is faced off with cement, 
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and the bottom caulked with stamped clay to preventleakage. А very 
large number of regulating sluices are provided. In all there are fifty, 
and they are grouped in ten openings of five sluices each. The sluices 
are of wood working in I-section steel girder frames. A large opening 
or spillway in the centre of the weir is provided for clearing off loose ice. 
A salmon pass and two eel passes are, as is usual, also provided. The 
water is led from the head race to the turbine house in an open canal. 
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Fic. 2.—Section of River Bed, Elevation and Plan of Dam at Gullspång. 


The bottom part of this canal has for a great part of the way been 
blasted out of rock and is built with concrete walls, while the upper 
part consists of earthworks. Where the junction between the concrete 
walls and the earthworks is made, a sponting of concrete prevents 
leakages, and the earthworks are for part of the way constructed with 
wood sponting, as was described in the case of the Alby canal. 

The power station proper and the forebays are built close together. 
Fig. 3 shows a section of a forebay with ice-racks, sluices, turbine 
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flume, turbines with draft tube, tail race, tunnel, and power house. 
The forebays are built of reinforced concrete, and the power station 
partly of concrete and partly of brick. The turbines are of twin 
type, and are placed in open vertical tubes or flumes of boiler 
plate. These flumes are 43 ft. long and 18 ft. diameter. When 
completed there will be six turbine flumes, each constructed for 
a pair of 4,500-5,000-H.P. turbines for.driving the main generators, 
beside the auxiliary turbines for the exciters. Only four pairs 
of turbines and generators with exciters are installed at present, 
the remaining two being reserved for extensions. Each of these 
turbine flumes is separate in itself, and provided with its own forebay, 
ice-rack, and head-gate. The head-gates are 18 ft. wide and 15 ft. 
high, and are of an interesting and novel construction, for which 
patents have been applied for. They consist of cylindrically bent iron 
plates stayed with horizontal struts, and are provided with oak sliding 
surfaces. As these gates are too wide to be manceuvred against the 
water pressure, bypasses are arranged to fill the forebays previous to 
operating the gates. The gates themselves are raised or lowered bya 
travelling crane, which can be moved over each sluice. In order to 
avoid subjecting the materials to the strains consequent on unequal 
expansion, very great attention was paid to this point in the construc- 
tion of the forebays, thereby eliminating the risk of cracks occurring in 
the concrete. Thus each of the forebays stands for itself ; they are 
not connected to each other, and are free from the rock at the sides, 
being supported solely from the bottom on concrete walls which stand 
up between the turbine fumes. The joints between the boiler-plate 
turbine flumes and the concrete floor of the forebays are also of 
expansion type. In order to effect this each flume tube was well 
greased before the concrete was stamped in round it, while to ensure a 
watertight joint between the concrete and the tube, a V-shaped groove 
was left round the top of the tube in the concrete, and into this groove 
a packing of tow steeped in paraffin wax was inserted. The pressure of 
the water forces this wedge-shaped tow packing ring in against the 
tube, just in the same way as in an ordinary hydraulic ram joint, and 
makes a perfectly tight joint. The backs of the forebays are made of 
thin half-circle walls, while the sides are of heavy straight construction. 
The side walls are held together at the top by heavy straight steel 
girders, and one pair of the girders forms a track for an 18-ton travel- 
ling crane used for erecting or repairing the turbines. It will be 
noticed on the sectional elevation (Fig. 3) that in the front of the 
forebays, between the front of this travelling crane rail and the head- 
gates, there is a heavy filling of ballast. This is intended to counter- 
balance the force of the water pressure acting against the back of the 
forebay. As before stated, these forebays are supported solely on 
walls having their bases at the turbine floor-level, and this ballast 
is provided to counteract the horizontal tilting force of the water 
pressure. 

The turbines, with their supply tubes and draft tubes, as well as 
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the concrete walls supporting the forebays, rest on a floor of massive 
steel girders and reinforced concrete, which is built on the solid rock. 
This floor is of immensely strong construction, as it has to carry not 
only the weight of the turbine chambers, etc., but also the volume of 
water in them. The draft tubes have cement coatings to protect them 
from rust, and discharge into a tunnel, blasted out of the rock, running 
lengthwise under the power station. Further down the discharge 
tunnel opens out into an ordinary open tail race. 

The power house building itself is in three storeys, and is built on 
the solid rock, which has been blasted out to a depth of 33 ft. to 
accommodate it. The lowet storey is constructed of armoured con- 
crete, with a view to better resistance to the damp from the adjacent 
rock ; and, further, the walls of this chamber had to be of great 
strength in order to support the heavy transformers situated on the 
iron girder and concrete floor of the second storey. The upper 
` portion of the building is of brick. In the bottom storey, the floor 
of which is about level with the floor on which the turbines rest, 
the generators are situated. On the first floor are also the trans- 
formers and switchgear, while the top is devoted to the lightning 
protection devices and outgoing lines. The first floor is level with 
the ground outside, and on this floor run rails connected with a siding 
on the main railway lines. А 20-ton electric crane can take goods off 
the railway trucks and deliver them on to this floor, or drop them 
through an opening into the machinery hall below, which is served 
with another 20-ton electric travelling crane. A very complete system 
of ventilation has been arranged to keep the machinery hall cool, and 
there are channels running under the floor connected with the generator 
pits to conduct cool air to the generators. 

The runners of the turbines are made with Boilerplate buckets, 
bent to the correct shape and cast into a cast-iron hub and ring. This 
method ensures a smooth and even bucket, which minimises skin 
friction, and so improves the efficiency, and at the same time the 
bucket is stronger and less likely to be damaged by sticks, stones, 
ice, or rubbish which may get in, than is a cast-iron bucket. This 
style of making runners is much employed for turbines working on 
falls up to about 65 ft., and up to sizes about as large as these—i.e., 
2,000 to 2,500 H.P. per wheel. For larger sizes and bigger falls cast- 
steel runners should be used. The guides or chutes leading the water 
into the wheel are movable on pivots, and by the movement of these 
chutes the openings between them are varied, and the amount of water 
admitted is regulated to suit the power required. This method of 
regulation ensures the water being always projected at the correct 
angle to the wheel buckets, and improves the efficiency at light load 
enormously. Fig. 4 gives the efficiency test curve of the turbines. 
Regulation of speed is effected by automatic hydraulic regulators 
operating directly on the shafts connected to the links of the afore- 
mentioned movable chutes. The governor balls are driven from the 
turbine shaft. They control a little valve, and in rising or falling with 
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variations of speed admit water into either end of a cylinder. The 
piston in this cylinder operates, through a rack and segment gear, the 
shaft connected with the movable chutes. Speed regulation with 
regulators of this class is exceedingly sensitive. Tachograph records 
taken on the Gullspång turbines show that with the instantaneous 
application of full load to the turbine running light, or the throwing off 
of full load, there is a variation of only 54 per cent. in speed ; while 
for load variations of half of full load the speed varies only 2 per cent., 
and, what is still more important, there is absolutely no hunting even 
with these large changes of load. 

The machinery in these power stations is much alike, and therefore 
the electrical plant in one station may be taken as typical of all. The 
chief interest centres about the hydraulic constructions and general lay- 
out of the installations. Before leaving Gullspång, however, there is just 
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Fic. 4.—Gullspang Efficiency Test Curve of 4,500 H.P. Turbines. 


one point, namely, that of the cost of the equipment. At the present time 
there is installed machinery aggregating 16,500 H.P. exclusive of 
excitation, and this has been erected ata total cost of £173,000, or about 
£10 105. per horse-power. It must, however, be remembered that the 
hydraulic part of the scheme has been calculated for an equipment 
when completed of 25,000 H.P., and in order to carry out this exten- 
sion there is little expense to be incurred beyond the cost of the 
machinery. Therefore, when completed for its full capacity of 
25,000 H.P., the power station will cost £192,000, or about £7 15s. per 
horse-power. 

The Hydraulic Association of Scandinavia, or “ Vattenbyggnads- 
byran” (with which the author has the honour of being connected), 
was retained as the consulting firm for the scheme, and not only 
prepared the plans, but supervised the carrying out of the entire 
work. 

VoL. 45, 80 
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Graninge.—In the north of Sweden, at Graninge, a new power station 
has been completed which deserves notice. This station is built for a 
capacity of 10,000 H.P., of which 5,000 H.P. is now installed and at work. 
The units are each of 2,500- H.P. capacity, running at 300 revs. per minute, 
and generate at 5,000 volts, at which voltage part of the power is used 
in the immediate neighbourhood, while the remainder is transformed 
up to 40,000 volts for the long-distance transmission. 

Figs. 5 and 6 show the plan of the power house and sectional 
elevation of it. In this case there are not separate feeder tubes for 
each turbine, but three tubes lead into a common header from which 
the four turbines are fed. In addition to the gates on the turbines 
themselves, there are throttle-valve sluices between the turbine flumes 
and this common header. As regards the electrical outlay of the 
power station, all the low-voltage or 5,000-volt busbars, apparatus, and 
outgoing lines have been kept on one side of the building, and all the 
high-tension 40,000-volt apparatus on the other. The central portion 
of the buildings is devoted to the turbines and generators, and forms a 
fine lofty one-storey machine hall. On one side of this hall a three- 
storey wing is devoted to the switchboard, the 5,000-volt busbars and 
apparatus, and the 5,000-volt outgoing transmission line, while on the 
opposite side of the machine hall a five-storey building contains the 
step-up transformers, etc. The transformers are situated over the feeder 
pipes and throttle-valve sluices of the turbines, while the three floors 
above the transformers contain the 40,000-volt busbars, switching 
apparatus, and outgoing 40,000-volt transmission lines. The turbines 
are situated in the power house on the same floor as the generators. 
They operate under a 6o ft. head, and consist of twin wheels mounted 
on horizontal shafts. Each pair of wheels is mounted in a steel flume, 
and the discharge is through cast-iron quarter turn discharge pipes 
and draft tubes, each discharge pipe and draft tube being common toa 
pair of twin wheels. 

As the flywheel effect of the generators is not in itself sufficient to 
enable the fulfilment of the speed regulation required, heavy flywheels 
are placed between the turbines and the generators. These flywheels 
have their own bearings, and are connected through leather band 
flexible couplings to the turbines, and through fast flange couplings to 
the generators. Governors of the type previously described are pro- 
vided, and on test the speed variation was found to be 2} per cent. for 
sudden variations of load equal to 20 per cent. of full load. "Tests 
were also made to see if any injurious shocks due to water-hammer took 
place with an instantaneous removal of full load. For this purpose in- 
stantaneous application and removal of full load was made three times 
in quick succession, but no dangerous shocks occurred. 

The 3-phase generators are of 2,150-k.w. capacity each, 50 cycle, 
20 pole, 300 revolutions, and, as already mentioned, generate at 5,000 
volts. Their tested efficiency is 95'4 per cent. on full load of unity 
power factor, and 9472 per cent. on full load of power factor 0°8. The 
inherent regulation is 1°5 per cent. for unity power factor, and 6'3 for 
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power factor o'8. It will be remarked that this inherent regulation is 
very good, but in general the regulation of generators employed in 
Sweden is not nearly so good, 7 per cent. and 16 per cent. being the 
more usual figures. It happened, however, that in cases of some large 
generators tendered for by the firm manufacturing the Graninge 
generators, doubt was expressed as to the possibility of attaining 
the regulation figures guaranteed, and so in designing the Graninge 
generators special attention was paid to the point of regulation, with a 
view of showing what could be donc. 

The rotating magnet-wheel with poles, arms, and boss is in one single 
steel casting, and the pole-shoes are of forged steel screwed to the poles 
with countersunk bolts. The flanges formed by the pole-shoes hold 
the field-spools in place. The stator winding consists of bars, one in 
each slot, and the slots are partially closed. The stator frame with 
punchings is in halves, and one of the feet on which the frame rests is 
bolted to the frame. By removing this loose foot the whole stator can 
be let down on to the field, and so turned round on the shaft to bring 
any part of the windings situated below the ground-level into a con- 
venient situation for inspection or repairs. The bearings are of the 
ordinary spherical-seated self-aligning type, with babbit linings and 
ring lubrication. 

Almost all the Scandinavian hydraulic power stations are employed 
for power transmission, hence they nearly all employ 3-phase gene- 
rators, and with the exception of the varied constructional details of 
different designers and manufacturers, and the modifications due to 
local circumstances, such as high- or low-voltage generation, etc., the 
generators described may be taken as typical of the general run of 
plant in Scandinavian hydraulic power stations. With the exception 
of a few electrochemical works where low periodicity is necessary, 
50 cycles has generally been accepted as the standard periodicity. 
The new State power scheme which is building at Trollhattan is, how- 
ever, designed for 25 cycles, partly with a view to the use of the power 
for railways. The City of Stockholm primary transmission is also at 
25 cycles, but with these exceptions it may be said that for supply 
companies 50-cycle 3-phase is universal. This is a very great con- 
venience, as it simplifies matters and standardises plant considerably. 

Fig. 7 shows drawings of a very interesting generator at Sválgfos, 
of 10,500-k.w. capacity, 10,000 volts, 50 cycles, and 250 revs. per minute. 
This machine was built by the General Electric and Manufacturing 
Company of Sweden, to the designs of Mr. Holmgren, the chief 
designer of 3-phase generators to that company. It is one of four 
supplied {о the Notoddens Saltpetre Works in Norway. In this 
generator the steel poles and ring are cast together, and are supported 
on a cast-iron arm system. The magnet ring and poles are divided 
transversely, and an air duct is left between the halves. The width of 
iron axially in this machine is no less than 49 in., the bearings are 
of ring lubrication type, and are provided with water cooling in case it 
be required—this has, however, never been necessary. Using water 
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Fic. 7.—Svalgfos 10,500-k.w. Generator. | 
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cooling, however, reduces the temperature of the bearings 10° C. 
ordinarily. It will be noticed that the stator is in four pieces. "This 
was necessary because the generator had to be slung on wire 
hawsers across a gorge to get it to the power station, and hence the 
parts were required to be as light as possible. Although these 
generators are of enormous output, 10,500-k.v.a., they have been quite 
eclipsed in point of size by other generators which the same company 
are building for the above-mentioned Trollhattan State power scheme. 
These are of 12,500-k.v.a. output, and recently the company has received 
orders for generators for Rjukanfos, which are of 14,500-k.v.a. capacity. 
There are two unique generators, built and designed by the same com- 
pany, working at Brattfors. They are of 2,000-H.P. output each, and 
generate at 20,000-volts direct, at which voltage transmission is made, 
no intervening transformers being required. There are many instances 
of 10,000-volt directly generating and transmitting plants in use, even 
` with machines down as small as 250-k.w. output, but these 20,000-volt 
generators are the only ones of their kind in Sweden. Another rather 
interesting generator, designed and built by the author, is one in which 
no machining has been done to the stator frame. The diameter of the 
. stator of this machine was larger than could be turned in any of 
: the machine tools available, and so the segments of the stator punch- 
: ings were built up against a ring of 14-іп. bolts -passing through 
. the rough cast-iron frame. These bolts at the same time serve the 
purpose of clamping the press-rings against the packet of laminations 
after the latter was built up. It often happens on old machines that 
the laminations shrink, probably on account of shrinkage of the insula- 
tion material between the plates. In order to safeguard against the 
possibility of the entire package of laminations dropping out of the 
stator frame, should the upper half of the latter be lifted after some 
years when the laminations had shrunk, } in. steel pins were passed 
through holes in the laminations and the cast-iron flanges on each side 
of them and riveted over after the laminations were built up in place. 
This machine has been running night and day at full load and 
frequently for long periods (weeks at a time), at considerable over- 
loads since the beginning of 1906, but no loosening of the laminations 
can be noticed, although it has been subject to frequent short circuits. 
Having digressed to describe briefly the subject of generators 
we will now return to Graninge. The current from the generators 
is led to the 5,000-volt busbar-room for distribution to the outgoing 
lines of the 5,000-volt transmission and the primaries of the step-up 
transformers. This room is on the ground floor-level, and in it are 
situated all the necessary transformers for the measuring instru- 
ments, the oil switches, and connectors. All busbars are laid in 
closed tunnels, and the only openings in these tunnels are at junctions 
to the busbars. Further it has also been arranged that the only 
insulators supporting the busbars are placed at these openings, so that 
they are easy of access for inspeclion, etc. The distance from the 
conductors to the walls of these tunnels is 6 in. for the 5,000-volt leads, 
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and 12 in. for the 40,000-volt. All the busbar connectors, instrument 
transformers, etc., are isolated and placed in respective fireproof cells. 
The switching apparatus is very simple, no fuses are used, oil switches 
with maximum relays taking their place. Between the generators and 
5,000-volt busbars there are maximum relay oil switches, and likewise 
the 5,000-volt outgoing line is provided with maximum relay oil switch. 
Each generator is provided with its ammeter, voltmeter, wattmeter, 
and synchronising apparatus. The 5,000-volt busbars are in sections, so 
that the generators can be worked on separate sections or in parallel as 
required. Between the 5,000-volt busbars and primaries of the step-up 
transformers there are no oil switches, but simply link connectors. 
The transformers are of single-phase type, of 720-k.w. capacity each, 
and are used in sets of three to form complete 2,160-k.w., 3-phase 
transforming systems for each of the three generators. On the high- 
tension secondary side of the transformers are 3-pole maximum relay 
oil switches for each set of transformers, and beside these there are 
connector links which permit of coupling any one of the transformers 
on to either of two sets of high-tension 40,000-volt busbars. There are 
two outgoing transmission lines, each having its maximum relay oil 
switch, and they can be fed from either of these duplicate sets of 
40,000-volt busbars by means of connectors. 

As is well known, great precautions must be taken against the 
effects of lightning discharges, or over-tension due to other causes 
on aerial transmission lines of this kind, and the difficulties increase 
enormously when the transmission voltages get into high figures. 
Moreover, the very severe climatic conditions obtaining in Sweden, 
especially so far north as this power station is situated, call for special 
attention to this point. In the present case zinc roller tension limiters 
and horn lightning arresters are used, while powerful impedance 
coils are placed between these protective devices and the 40,000-volt 
busbars. On each phase of the outgoing lines there are two horn 
arresters in series, one of which is connected in parallel with a water 
resistance. The water resistances consist of very large glazed earthen- 
ware bent pipes filled with water. The up-bent open ends of the 
pipes are covered with loose brass covers through which are brought 
conductors terminating in spiral wire ends immersed in the water. 
The horns and resistances of each phase are placed in separate 
chambers. It has béen found that a gap of 32 mm. for the first 
horn and one of 40 mm. for the second horn, which is in parallel 
with the resistance, give the best results. Another means of preventing 
over-tension on transmission lines, and one which has proved ex- 
ceedingly effective, is to make connections from the lines to earth 
through fixed resistances. The resistances are adjusted so as to allow 
a very small current constantly to flow to earth, and these connections 
to earth lead off the small static charges which would otherwise 
accumulate on the -line. Experiments have been made with carbon 
and other classes of resistances for this purpose, but a circulating water 
resistance has proved best. 
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We now turn from the apparatus to the switchboard itself, which is 
placed on the first storey over the 5,000-volt busbar-room. It is in 
the form of a circular sloping-top desk, while behind this desk are a 
number of cast-iron pillars. on which are mounted the instruments 
corresponding to the switches on the panels of the desk switchboard. 
All the switches situated in different parts of the building are electri- 
cally controlled from the switchboard, as well as all rheostats and also 
the turbine gates, so that from this point the entire station is controlled. 
Signal lamps show whether the switches are closed or open. The 
board being of circular form permits an operator standing opposite to 
it to see all the instruments at once without running from one to the 
other, and, moreover, he has a full view of the entire station and the 
transformer cells, as there is a clear space to the machine house at the 
back of the instrument pillars. The transformers, as mentioned, are of 
single-phase type used in sets of three, oil insulated and water cooled, 
having the water circulating through cooling coils immersed in the oil. 
Each is placed in its own little fireproof cell, the cells being in a row 
on the first storey of the 40,000-volt building, on a level with, and - 
immediately opposite the switchboard alcove. The cells have fire- 
proof iron doors front and back, the doors on one side opening to the 
machine hall and on the other to a long gallery having rails leading to 
a repair shop. The transformers stand on little trucks, so that any 
transformer can with the greatest ease be removed and replaced. 
The doors of the transformer cells on the machine hall side usually 
stand open, mainly with the object of seeing if the circulating water 
for the cooling coils is running properly. This can be observed from 
the machine hall and the switchboard alcove. There are signals to show 
if the temperature of any transformer rises too high, and in case of fire 
the iron doors of the cells can be instantly closed by operating a lever. 

The cooling coils of the transformers may present some novelty, in 
that instead of having one or a few circulating pipes of large diameter, 
or a water jacket, they consist of a number of small diameter copper 
tubes placed in parallel, like a little water-tube boiler. Fig. 8 shows 
drawings of the box and cooling coils. In this construction the tubes 
are expanded or sweated into headers which form one side of distribu- 
tion boxes for the inlet and discharge of the circulating water. The 
entire system of cooling tubes is placed at the top of the transformer 
box over the transformer itself, and is attached to the transformer box 
lid, so that when the lid is removed the coils are removed with it. By 
employing this construction an enormous cooling area can be got into 
a very small space, practically the only limit to the room required for 
the cooling coils being the amount of space which must of necessity be 
left between the tubes in order to obtain good circulation of the oil. 
Moreover, the cooling coils are at the top of the box, where the oil is 
hottest, and hence in the most effective and best position. А very 
complete arrangement is provided for tapping out the oil, boiling, and 
refilling. It consists of a system of pipes to and from the transformers 
connected with oil-boiling tanks. 
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Fic. 8.—Box for Graninge 720-k.w. Transformers. 
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While on the subject of transformers it may be in keeping to offer 
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Fic. 9.—Original Drawing of First Swedish 
3-phase Transformer. 


a few general remarks 
on them. By kind 
permission of Mr. Ed- 
stróm, I am here en- 
abled to show draw- 
ings (Fig. 9) of the 
first 3-phase trans- 
former made in 
Sweden in the year 
1890 by Jonas Wen: 
stróm, the well-known 
inventor, upon whose 
inventions the present 
General Electrical and 
Manufacturing Com- 
pany of Sweden was 
founded. It will be 
noticed that the pri- 
mary and secondary 
windings are in two 
spools per leg or 
phase placed one 
above the other. The 
end yokes are in the 
form of hexagonal 
plates, and their lami- 
nation is crosswise to 
the lamination of the 
leg-pieces. With 
modifications of the 
arrangements of the 
windings and the in- 
troduction of air-blast 
cooling, these trans- 
formers were made up 
to quite large sizes— 
to wit, 700-k.w. output. 
The use of oil-cooled 
transformers has, one 
might say, only of 
recent years become 
general in Sweden; 
in fact, the writer 
believes that the 
first oil-cooled trans- 


formers built in Sweden for general commercial use were made 
at the Clayton-Unger Works in 1903. Оп account of the larger 
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units now employed and the high voltages used for transmission, the 
use of oil-cooled transformers has become general In the water- 
driven power stations it is, of course, easy to get water for cooling 
purposes, but in most süb-stations it would be a very troublesome job 
to have to arrange for circulating water, and hence in them oil-insulated 
transformers with ordinary air cooling must be used. When oil trans- 
formers were first built they were of small capacities, and an ordinary 
cast-iron or wrought-iron box large enough to hold the transformer 
gave quite sufficient cooling area to dissipate the heat due to the tosses 
of the transformer. Аз the sizes became bigger, however, extra radia- 
tion surface had to be obtained, and this was done by casting ribs on 
to the outside of the boxes. As demands arose for still larger sizes, it 
was found that the oil would not transmit its heat quickly enough to the 
smooth inside circular box in order to get the full advantage of the 
increased area of the outside ribs. The suggestion of casting radiation 
ribs on the inside as well as on the outside of the boxes was a failure, 
the difficulties in casting being too great ; and, in fact, even with ribs 
on the outside alone, the percentage of wasters in casting was very 
high. Therefore the next step was to make the walls or sides of the 
boxes with a very deeply corrugated section, in which case the area 
exposed to the oil inside and the air outside was practically the same. 
Even these boxes, when of great depth, were difficult to form and cast, 
and therefore they were cast in sections 20 in. deep and bolted together 
. with a lead packing between. These sections were of fixed diameter 


and represented roughly the losses of a given size of transformer, so 
that with increased size a greater number of sections were added. 
Thus, for instance, a 2-section box with top and bottom would be for 
a 100-k.w. transformer, a 3-section box for a 150-k.w. transformer, and 
so on. These boxes, however, became very heavy and costly in larger 
sizes, and were abandoned in favour of boxes of wrought iron having 
similar deep corrugations. As in the case of the previously described | 
water-cooled transformer boxes, the idea of keeping the radiation 
surface concentrated towards the top of the box where the oil is hottest 
has been carried out in these air-cooled boxes also. The small cistern 
seen in the illustration on the top of the box is provided to allow the 
extra space required by the oil when hot, on account of its expansion, 
and to keep a constant head of oil pressure against the lid of the box. 
'This is necessary to prevent moisture condensing on the under side of 
the lid in cold weather, which happens if an air space be left between 
the top of the oil and the lid of the box. Such drops of moisture will 
fall through the oil on to the transformer, and may cause serious damage. 
The oil in this little cistern is connected to the main body of oil in 
the transformer box by a small tube, the upper end of which is 
some inches above the bottom of the little cistern, so that any 
moisture that may condense on the under side of the lid of the 
little cistern will not be drawn into the transformer box, but will lie 
at the bottom of the little cistern, and can periodically be drawn off 
from this through a pet-cock. The bottom of these boxes is circular 


464 CLAYTON: HYDRO-ELECTRIC INSTALLATIONS [April 21st, 


and is of }-in. boiler plate, and the top part is corrugated and of 14- 
gauge sheets. Another idea of the heavy circular bottom is that it will 
stand pinching with crowbars and other rough handling in transport in 
places where proper lifting devices are lacking. In order to stop small 
leaks the whole box is galvanised after it is riveted and complete. The 
eventual successful commercial evolution of these boxes is in a large 
measure due to Mr. Alfred Fraser, of Messrs. John Fraser & Sons, 
Millwall,the makers of the boxes, and the author would here like to 
express his thanks to Mr. Fraser for his invaluable aid in this respect, 
for while it may superficially appear a simple matter to make such 
boxes, the technical difficulties met with were very great indeed. It 
is remarkable what a difference there is in the radiation properties of 
cast-iron and wrought-iron surfaces. 

We come now to the transmission line at Graninge. The greatest 
distance of transmission from Graninge is about 40 English miles. 
There are, of course, much longer transmissions than this in service in 
Sweden : for instance, Hemsjo, 96 km. ; Yngredsfors-Varberg, до km. ; 
and many very long transmissions are in course of construction. It 
has even been suggested by the State engineer of the Trollháttan Falls 
to transmit power from there to Copenhagen, a distance of about 
350 km., including 8 km. across the sea between Sweden and Denmark. 
The Graninge line consists of three single wires of 4°5 mm., about 
o'18 in. diameter, carried on wooden poles. The pin of the top 
insulation is mounted on the wooden pole directly, while the two 
lower insulators are supported on an iron cross-bar. The insulators 
are of triple petticoat type, made in two pieces cemented together and 
supported on iron pins fixed to them by a tight packing of oakum 
between the pin and the inside of the insulator. Formerly it was 
customary to cement the insulator caps to the pins, the cement used 
being mostly the litharge and glycerine mixture, but with this cement- 
ing it was found that the insulators split, owing to unequal expansion, 
with the extremes of heat and cold pertaining to the Swedish climate. 

The wires are suspended in positions corresponding to the tips of an 
equilateral triangle, the distances between wires being 50 in. The 
distance of span between the poles is about 45 yards generally, but 
at river crossings there are two spans of about 140 yards each, and one 
at the estuary of nearly 400 yards. In the case of this latter span the 
conductors and their insulators are supported on triangular frames 
which are suspended from a steel hawser. The steel hawser passes 
over rollers on towers 120 ft. high, situated on the opposite shores, and 
is anchored to rocks at each end. Where transmission lines cross 
public highways or railways the law requires that such crossings shall 
be protected so that in the event of a conductor breaking the free end 
cannot fall down and thus be dangerous. This is effected by enclosing 
the transmission lines at these points inside a casing of iron lattice 
work supported on iron lattice poles situated each side of the crossing. 

All the preceding power stations described are built with horizontal 
shaft turbines, and are typical of the most general run of power 
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stations. In many cases, however, vertical shaft turbines and 
generators of the umbrella type are employed, principally on very 
low falls, where this type offers advantages. In these cases the 
turbines are placed in ordinary open flumes, over the top of which is 
the floor of the generating-room, and the advantages are chiefly as 
regards variable levels of backwater in the tail race as well as cost. 
Fig. ro shows the interior of a typical power station of this class. 

In the attempts made to get up high speeds on low falls quite 
freakish designs are sometimes met with. It may be remarked here 
that the Swedish practice in this respect is quite different to the 
American custom of employing gearing to increase the speed of 
generators driven from slow-speed turbines, in Sweden direct coupling 
being the rule. Only one case of gearing being used has come under 
the author's notice there, and the users of it would be glad if they could 
now dispense with it. At Nyqvarn there is a power station in which the 
turbine units consist of two pairs of wheels—that is, four runners—with 
vertical shafts. The fall in this casc is on 134 ft. and the speed of the 
turbines is 150 revs. per minute. The quadruple turbines are of 
500 Н.Р. Each pair of turbines has a common discharge, the upper 
pair of wheels having a short cement draft tube. Fig. 11 shows an 
arrangement of twin turbines of 680 H.P., тоў revs. per minute, 
working at Avesta Lillfors, on a ro-ft. fall. This equipment was 
designed specially to be placed in an existing flume intended for an 
older type of single turbine. It will be noticed that the upper wheel 
has a draft tube, while the lower wheel does not require one. This is 
a good instance of a case where vertical shaft turbines should be used. 
It will be noticed in the figure that the level of the backwater is some- 
times considerably higher than the upper part of the discharge case of 
the upper turbine, while, on the other hand, during periods of low back- 
water, the water is only level with the bottom of the lower wheel, and 
the draft tube of the upper turbine then comes into use. If in a case 
of this kind horizontal shaft turbines had been used, the backwater 
would at times have a considerably higher level than the floor-level 
of the generator station. This would have necessitated placing the 
generators in a sunken chamber, the lower part of which would have 
to be watertight as the backwater would at times be higher than the 
floor-level of the power house. 

Another class of turbine generator set which is very interesting, and 
for which Mr. Bóving has obtained patents, consists of two wheels 
running in opposite directions, the shaft of one being hollow and 
having inside it the shaft of the oppositely rotating turbine. То these 
two shafts are attached respectively the field and the inductor of the 
generator, both of which rotate, but in opposite directions. The result 
is that, for a given periodicity and speed, the generator has only half 
the number of poles that would be required if the field alone rotated ; 
in other words, it is equivalent to doubling the speed of the generator. 
Several of these have been at work at Hellefors for many years past, 
and are quite satisfactory. In vertical shaft turbines the rotating parts 
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have, of course, to be suspended, and with the generator rotating field, 
the long and heavy vertical shaft, and the turbine wheels themselves, it 
will be seen that the weight to be supported is often very great. Many 
unsuccessful attempts were made to take up this weight on ball bearings, 
but now it is almost general to use hydraulic bearings, which float the 
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entire system where the weight to be supported is too great to be taken 
upon the ordinary lignum vite turbine footstep. Fig. 12 shows another 
unique case, a power station at Korsnäs, in which no less than four 
pairs of. turbines—that is, eight wheels—are used on one shaft. The 
fall in this case is only 6 ft., and despite the use of eight wheels, the 
spced is only 107 while the power is only 420 H.P. [Installations with 


Fic. 11.—Avesta Lillfors Power Station. 
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such very low falls utilising enormous quantities of water per horse- 
power developed are, of course, excessively costly compared with their 
power output. This can be best seen when it is remembered that the 
same turbine wheels used in this case would, on a fall of, say, 40 ft. 
(that is considerably less than the fall in any of the previously described 
power stations), develop not 420 H.P., but about 7,000 H.P., and the 
same applies more or less to the generators. Twin wheels are, of 
course, the ideal; but in many cases quadruple wheels must be used to 
enable the use of large-size electrical generators at reasonably high 
speeds. Of course, on high falls the obverse obtains, and in such cases 
single wheels having high peripheral velocity are used in order to get 
reasonable speeds for the generators. A single-wheel turbine of this 
class, with an output of 3,300 H.P., is in operation on a 29o-ft. fall at 
the works of the British Aluminium Company, at Stangfjorden, Norway. 
Even with this single wheel of large horse-power capacity the speed 
‘is 300 revs. per minute, and at this speed the generators, which are 
of continuous-current type, had to be divided into two units of 
1,100 k.w. each. — 

On high falls, and even on only moderately high falls where pipe- 
lines are used, very great precautions must be taken against the dangers 
of water-hammer arising from the operation of the turbine gates with 
sudden variations of load. To protect against these, relief bypass 
valves are used, which open automatically in the case of the water 
supply to the turbines being suddenly cut off, and thus prevent any 
sudden checking of the velocity at which the water is flowing in the 
pipe-line. On still higher falls Pelton or impulse-type wheels must be 
used, but I do not know of anywhere in Sweden where wheels of this 
type are at work. There are, however, two installations being carried 
out in Norway where Pelton wheels are being used. Опе of these is 
at Tya, where a head of about 3,300 ft, probably the highest in the 
world, is utilised to develop about 70,000 H.P.; the other Pelton wheel 
power station is at Rjukanfos, also in Norway, where the head is about 
1,000 ft. The units at the latter station will be of 14,500 Н.Р. each. 
It is interesting to note the low capitalisation cost of these latter big 
schemes. From calculations made by my Association, the Hydraulic 
Association of Scandinavia, the installation at Tya is estimated to cost 
about £525,000, or £7 105. per electrical horse-power developed. 

Where open intake water canals cannot be built—such, for instance, 
as on sloping ground— wooden pipe-lines are often used for the sake of 
cheapness. They аге made of wooden planking about з in. or 4 in. thick, 
and bound at frequent intervals with strong iron hoops, the spacing 
between the hoops being dependent upon the pressure due to head of 
water in the pipes. These wooden pipe-lines cannot, of course, be 
used with advantage on anything but moderate heads, and they are 
often used for the first portion of a long, sloping pipe-line until the 
head gets too great. 
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DISCUSSION. 


Mr. J. F. C. SNELL: Such an adaptation of the great. forces of 
Nature as these hydro-electric plants, while not applicable in England 
to any great extent, must at least appeal specially to those of us who 
have to do work abroad. I notice that the author gives the price per 
electrical horse-power of some of the completed power stations as 
47 10s.—that is to say, £10 per kilowatt installed. I should like him 
to amplify that figure, and give us the price per horse-power-year or 
per kilowatt-year that obtains in Scandinavia. In his remarks he 
stated that there were many cases over there where the cost of 
imported coal was such that hydro-electric plant was not warranted. 
It would be very difficult, however, for steam plant to compete with so 
low a figure as £7 105. per electrical horse-power installed, unless the 
cost of transmission in Sweden is unnecessarily high. Some twenty 
years ago, as a junior, I was sent over to Stockholm to lay the 
first system of mains in that city, and when I remember the small 
station at that time, and then the larger station I saw last year 
in the same city, marking a very great stride forward in the develop- 
ment of electricity, and now the construction of 25,000-H.P. or 
bigger hydro-electric power stations similar to what is to be adopted 
for transmission of energy to Stockholm for future requirements, it 
shows what enormous strides this industry has made during the last 
twenty years. Ithink Sweden and Norway, with about 8,000,000 Н.Р. 
available from water-power, are two very favoured countries. I would 
like to ask the author finally whether that horse-power is rated upon 
the drought rating, or whether it is taken upon the average rainfall for 
the year. 


Mr. С. STJERNBERG: It is stated in the paper that there is very м 


little coal in Sweden. If this source of energy has been denied 
to that country, there is plenty in water-power. If 8,000,000 H.P. 
be taken as the average power available in Sweden and Norway 
together, it represents a matter of 8,000 tons of coal per hour, 


Mr. Snell. 


r. 
Stjernberg. 


or about 200,000 tons of coal a day. That corresponds to the . 


output of the largest coalfields in Europe, and certainly if the 
energy is there means will be found to utilise it, although it is now 
found that in certain places the cost per horse-power installed is so 
high that it does not even compare favourably with the cost in the 
case of steam driving. Looking at the map of Sweden, one sees a great 
number of rivers running down practically perpendicular to the line of 


maximum extent of the country. In these rivers are tremendous lakes, - 


most suitable for water storage and such purposes. There are the 
waterfalls, and close by are great deposits of iron ore and minerals 
of various descriptions. Amongst the electrical points mentioned in the 
paper, I should like to draw attention to the question of regulation. In 
the figures given on page 454 for the regulation of one of these genera- 
tors it is stated that on a non-inductive load the inherent regulation is 
I'5 per cent. for unity power factor and 6°3 for power factor 0'8. Those 
VOL. 45. 81 
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are very low figures. Speaking theoretically, it would be possible to 
obtain any figure for regulation if one makes the machines large 
enough. Another way of doing it would be to design them in such 
a manner as to keep the synchronous reactance as low as possible, but 
in any case I should not think it would be desirable to have machines of 
this description for supplying transmission lines. The short circuits 
would be too severe. The lightning arresters for a large overhead 
system must be set in such a manner that they can take very large 
amounts of energy, amounting in certain circumstances pretty nearly 
to a short circuit. ‘The short-circuit current on these machines would 
be unusually large. It would be interesting to know if any tests have 
been taken. If the regulation were somewhat greater the effects of 
short circuit would be less severe, and by applying automatic regu-: 
lators the voltage can, for purposes of supply, be kept as. nearly 
constant as may be required for any purpose. Automatic regulators, 
although they may act very quickly, are not instantaneous. I notice 
that the author mentioned that they have had no troubles with 
short circuits on the water installations in Sweden. When I passed 
through Sweden last year I was told they had in some places provided 
choking coils for the express purpose of reducing the effect of short 
circuits. I should imagine, therefore, they have had some adverse 
experience, and after all, even for 50 periods, such speeds as 300 revs. 
per minute and more for sets of 2,000 or 3,000 k.w., are so high that one 


` would expect to have some trouble of this description. With reference 


to the transformer shown in Fig. 8, it is quite true that the oil at the top 
of the transformer will be hottest, but if the cooling ribs be arranged in 
the manner indicated one would imagine that although it may cool the 
oil very well, it would not tend to produce a good circulation in the 
transformer. I notice also that these cooling ribs were made of 
riveted wrought-iron sheets, and I think the author told us they were 
very thin. In the circumstances it might be very difficult to keep 
them completely tight. I believe it is hardly possible to do this in 
riveling thin plates. 

Mr. H. BRAZIL : As regards the electrical side of the paper, and 
particularly in connection with the means employed for protecting the 
overhead line from lightning discharges or other sources of over- 
tension, I should be glad if Mr. Clayton would tell me if the neutral- 
point of the Graninge system is earthed. [Mr. CLAYTON : It is not.] 
This being the case, I would point out that the arrangement of the 
arrester horns as described on page 459 of the paper is not very satis- 
factory, and will require double the pressure to cause the horns to 
spark when the system is entirely insulated that it will when one pole 
is earthed. 

I should like to describe a system of connections devised and 
patented by Mr. H. Cooch and myself, which entirely gets over this 
difficulty. I would preface my remarks with the statement that all 
that follows refers only to 3-phase systems with the neutral-point 
insulated. In the diagrams herewith, H indicates the arrester horn,. 
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and R the resistance for limiting the current which flows to earth. 
Fig. A shows, diagrammatically, the connection of horns and 
resistances conmonly employed, and the arrangement of the horns at 
Graninge, as described by Mr. Clayton, comes under this category. It 
is true that he mentions a second horn which is in parallel with the 
resistance, but this, I take it, is only to provide for lightning strokes, and 
does not alter the principle of the arrangement. Assuming that there 
is no earth on the system, the excess pressure will have to be sufficient 
to cause two horns in series to spark before relief is given, but when an 
earth occurs on any pole, the spark-gap connected to that pole is 
short-circuited, and therefore the excess pressure that is required is 
only that necessary to break down one horn. Assuming, in the 
case of Graninge, that the horns are set so that a rise of 50 per cent. 
above normal will cause them to spark, each horn has to be set at 
60,000 volts, and therefore when there is no fault on the system, 


FiG. А. Fic. B. 


120,000 volts, 1.e., three times the normal pressure, will have to 
exist between phases before relief is given. Fig. B shows an alter- 
native arrangement in which an attempt has been made to overcome 
this difficulty by inserting a fourth horn and resistance between the 
common terminal of the three resistances R R R and earth. In this 
way there must be always two spark-gaps in series between any two 
phases or between any one phase and earth, so that, theoretically, the 
same excess pressure will cause the spark-gaps to discharge, whether 


all three phases are equally insulated, or one phase is earthed. It has: 


been found, however, by experiment, that this arrangement does not 
provide equal protection under different circumstances. For example, 
in a 6,000-volt 3-phase system, it was found that the pressure re- 
quired to produce a discharge when all three phases were equally 
insulated was 4,000 volts higher than when one phase was earthed. 
This difference is due to the unequal distribution of potential across 
the two horns (which are in series) when one pole is earthed. If 
we have two horns in series, each of which is set individually to spark 
at 5,000 volts, and place these across the terminals of a system one pole 
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of which is earthed, we may get $,000 volts across the horn which is 
connected to the non-earthed terminal, and only 2,000 across the other, 
and, of course, as soon as the first horn breaks down, the second one 
has the full potential of the system on it, and breaks down also. 

This unequal distribution of potential between the two horns 
appears to be due to the capacity of the metal connections forming the 
common terminal of the three resistances RRR, and we- neutralise 
this capacity, and thus render this point a stable one, by connecting it 
to the neutral point of a choking coil, or the high-tension winding of a 
transformer wbich is connected to the same source of supply as the 
arrester horns. This arrangement is shown in Fig. C, and whether the 
system is perfectly insulated, or whether one pole is earthed, makes no 
difference to the voltage at which the arresters will spark. In Figs. A 
and B, as I have before mentioned, it is necessary to set the horns to 
provide for the condition when one pole is earthed, and therefore when 


э тр с телет RENE 
MERE NEP Jee 
H H | | H 
R R R 
= 
3. 
c Зо H 
КОГА R 
E 
Fic. С. 


all three poles are insulated (which I take it would be the normal 
condition), there is very little, if any, protection provided for rises due 
to surges or resonance. With the arrangement as shown in Fig. C, this 
difficulty disappears, and I venture to suggest that this device will be 
found of considerable use to those engineers who have a system with 
the neutral-point insulated. 

The resistances used in connection with the lightning arresters 
are very important, and it is generally agreed that many of the 
troubles experienced with lightning arrester apparatus have been due 
to the resistances being of insufficient capacity to withstand the heavy 
load which is thrown on them when a discharge occurs. The problem 
of designing a suitable resistance is a peculiar one, in that it is required 
to have a very high ohmic value, and at the same time the capacity for 
absorbing very heavy loads for a short period. Having had a consider- 
able amount of experience with the water and carbon type of resistance, 
I venture to disagree with the author's conclusion that a water 
resistance is the best. I should be prepared to agree with him if by 
carbon resistances he meant only the carbon rod or other compressed 
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carbon type, but would suggest that there are other types of carbon 
resistance, which, at any rate to my mind, are much to be preferred to 
the water type. The failures with the carbon rod type are nearly 
always due to the fact that it is very difficult to get a uniform resistance 
per unit length, and when a number are in series, it is more than likely 
that one of them has a high resistance point or a crack init. When a 
discharge occurs, a very large proportion of the available potential is 
concentrated at this point, the rod gets hot and breaks, and the whole 
resistance is useless. The remedy I would suggest for this state of 
affairs is certainly somewhat drastic, and would appear to be rather 
paradoxical. It is to take the carbon rods and to break them into 
thousands of pieces, distributing these pieces in a suitably shaped 
groove. The resistance then consists mainly of bad contacts. To 
take a medical analogy, the disease from which the carbon rods are 
suffering is bad contact, and we inoculate for this disease to such an 
extent that we may be quite sure it will be immune from this trouble 
in the future. This disintegration of the carbon rods is practically 
what is done in the carbon powder resistances to which I would 
draw attention. 

You will see on the table a resistance unit which consists of a fire- 
clay slab 12 in. square by 1} in. thick, with a zigzag groove ł in. deep 
and § in. in width moulded in it. In this groove is placed a special kind 
of carbon powder, and it will be noticed that the grooves themselves 
are not parallel to one another, the object being to provide a thickness 
of insulation at each point which bears some relation to the potential 
between one leg and another at that point. Now, as to the capabilities 
of this resistance, I should have been glad if the author had given us 
some idea of the size of the water resistances and the power they 
would absorb, and for how long. Perhaps he will be good enough 
in his reply to give these particulars so that a comparison may 
be made. To that end I give figures of the capacity of the resistance 
I have been describing. ‘With a voltage of 6,000 across the terminals 
the current rose to a maximum of 1:9 amperes in just over 2 minutes, 
and then slowly decreased to 1°35, at which figure it remained even 
after the lapse of 8 minutes. The maximum power absorbed in 
this case is 11°4 k.w., and when steadied down is 81 k.w. With 
10,000 volts across the terminals the current rose to a maximum of 
2:4 amperes, and then decreased to r8 at the end of 1 minute, when 
the resistance was switched off. The maximum load in this case was 
24:2 k.w. The above tests are, of course, very severe, and it is highly 
improbable that the resistance would be subjected to them in practice. 
The object in giving these figures is to show that even under the worst 
conditions the resistance will keep the current within safe limits. I do 
not wish to be understood to say that the resistance subjected to the 
severe tests I have mentioned would, when allowed to cool, give the 
same figures if tested again, but if when cool the powder is mixed and 
redistributed, the results will be the same as I have given, thus showing 
that the powder is unchanged, although it has been at a good red heat 
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for some considerable time. This property that these resistances 
possess of absorbing, without injury to themselves, large amounts of 
power for short periods, is, of course, due to the very large range of 
temperature permissible, and the indestructibility -of the materials 
employed. As mentioned before, I have had a very considerable 
amount of experience with water resistances, and my objections to 
them are as follows: (1) They introduce moisture into the E.H.T. 
chamber ; (2) they will vary in resistance to a very great extent with 
the ordinary temperatures obtaining in sub-stations ; (3) the possible 


range of temperature, and therefore the capability of absorbing power 


for any length of time, is very limited ; (4) a very small quantity of 
impurity getting into the water will alter the resistance value to an 
enormous extent ; (5) if subjected to severe cold they will freeze. 

I now turn to the permanent leak arrester, and am pleased to be able 
to agree with Mr. Clayton that this is a very valuable piece of apparatus. 
I have had no personal experience of the water-jet type, but should 
imagine that it requires a good deal of attention, as the value of the 
resistance varies considerably, especially if anything gets into the 
water. I take it that all engineers, if they could obtain a dry resist- 
ance which costs no more and is as efficient, would install it in 
preference to the water type, and I wish to suggest such a resistance 
which is similar to the one I have described. This resistance consists 
of a number of insulating slabs 12 in. square, made of material more 
nearly resembling porcelain than fire-clay, having a much larger 
number of parallel grooves about } in. wide. These grooves are 
filled with a very high resistance powder, and the slabs are stacked 
one on top of the other and connected in series. There is no diffi- 
culty in getting r,000 ohms per inch run of the groove, and with 
100 in. such as may be got on a slab of the size mentioned, there 
will be 100,000 ohms on one slab. "Taking the pressure as 40,000 volts, 
the figure the author mentions, the neutral-point not being earthed, it 
will be necessary to allow for 40,000 volts across each resistance when 
one pole goes to earth. With 100,000 ohms on each slab, twenty of 
those slabs will be required in each phase, and these will form a 
resistance which will pass one-fiftieth of an ampere when one pole 
is earthed, and уу of an ampere when all the poles are insulated. 
I think that would make a very satisfactory permanent leak arrange- 
ment. The author has told us that he is never sure what he will 
get with the water-jet arrangement, as the quality of the water 
varies so enormously, whereas these resistances can, I think, be looked 
upon as having a fixed value ; they can be designed to meet special 
requirements, and they will remain without any appreciable alteration. 

Mr. W. H. PATCHELL : I am sure the author need not have gone to 
Scandinavia to get the two forms of apparatus which are mentioned on 
page 443. Twenty-five years ago, or thereabouts, I saw tilt hammers 
working in the iron works in South Yorkshire, and to-day you can find 
rod transmissions working practically by the mile in Cornwall among 
the mines there ; and, as Mr. Mordey remarks, in the Isle of Man too. 
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Sometimes where the pull is all in one direction ropes are used, but the M 


wooden rods are more general, and are known in that part of the world 
as flat rods; in fact, such is the prejudice of the Cornishman for flat 
rods that last November I plead guilty to having had to set up some 
myself, which are working very satisfactorily, and we do not get any 
short circuits on them. The civil engineering side of this paper is 
extremely interesting. I think the man who put an arch on its side for 
a dam was a plucky one, but I do not find in the paper how he got a 
watertight joint on the upstream or the downstream side. The 
pressure on the upstream side is greater, but the scour on the down- 
stream side is a far worse enemy to dam construction than the pressure 
on the upstream side. The author does not mention whether the water 
leak resistances are put on when they see a thunderstorm coming, as I 
find they are in North Italy, or whether the water is left on all the year 
round. Looking at the first figure of the water-jet resistance I was 
struck with the apparently great gap between the line and earth, and 
the comparatively small gap between the phases. If I understood the 
photograph aright, the tank from which each of the three phases was 
supplied by a jet was common to all, and seemed to be very close to 
the phase connections. On the question of transformers, if single- 
phase transformers are put into single tanks this simplifies the question 
of tank making very considerably. Mr. Stjernberg mentioned quite 
rightly that the design shown did not favour the best possible oil 
circulation. It seemed to produce excellent cooling at the top, but I 
did not quite see how the cold oil could thoroughly circulate down to 
the bottom. If we have to go to Sweden to learn how to make trans- 
formers, it is good to see that they have to come to England to learn 
how to make the cases, for without the cases the transformers will not 
work. On the question of governors, the turbine governor shown on 
the screen reminded me very much of a governor in use on a water- 
power system in America some years ago. Any amount of care was 
taken with everything except the governor, in which the whole life of 
the supply depends on an inch belt running on a pulley without flanges. 
That did not appeal to me as being sound engineering. Then with 
regard to the figure of one of the dynamos which was marked with 
Mr. Clayton's name—on which we congratulate him—and described 
as having a pole-ring with the arms and the boss all cast together, the 
figure was very clear, but it did not show that the boss was split. Is it 
not very risky and a considerable trouble to get a casting of this type 
cooled without tearing the arms from the boss? My experience in an 
iron foundry would not lead me to adopt that type. There was another 
interesting photograph referring to the cradles which are put under- 
neath the wires where the wires cross railroads and public roads. We 
have the same regulation in this country, and up till lately, perhaps up 
till now, the same regulation has obtained in America. There has been 
a conference there lately, of which I have been told within the last ten 
days, where the railway men met the electrical men. One of the 
electrical men had the pluck to carry the war into the enemy's country. 
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He said, * You call for a cradle underneath our wires where we cross 
your line?" “Yes,” they replied, “certainly.” “Then,” he said, “we 
call for a cradle underneath your bridges where your bridges cross our 
lines. Is that any more ridiculous? Why should not we make our 
electrical lines stranded and sufficiently strong to hold up over your 
bridges or over your railway lines? You have slips, just as sometimes 
we have slips." "The result of that was that it has been agreed to put 
the money into better work in the lines and do away with the cradles, 
and my experience leads me to believe they will have a much sounder 
job. There is only one other point I wish to mention. Mr. Stjernberg 
tells me that Sweden is a very cheap place to travel in. We have seen 
to-night that the country which gave us John Ericsson has a great deal 
of high engineering interest to show to those who have time to visit it. 

Mr. A. V. CLAYTON (in reply): Mr. Snell, in criticising my paper, 
mentioned the cost of the installation as £17 105. per electrical horse- 
power. I would like to make one little correction in regard to that. 
It is not per electrical horse-power ; it is really per turbine horse- 
power. Mr. Snell asked what would be the price per horse-power 
obtained in Sweden. That is a very variable quantity. In some 
cases it goes down as low as 25 kroners, which would be about 
27s. 6d. per horse-power-year, and it runs up as high as 120 kroners, 
but I should think the fair average would be somewhere about 50 
kroners (about 55s. per horse-power-year) and they are entitled to 
employ the power 24 hours per day so long as the water lasts. The 
usual proviso in the contracts is that in case of shortage of water 
the supply company is not compelled to deliver the full quantity 
of power, but in some cases, say in contracts which are made 
for a number of years at such a high price as £6 тоз. per horse-power 
per year, the company guarantee to supply the full quantity. In a 
power station the contracts for supply of power are usually divided 
up. Supposing a power station has 20,000 Н.Р. available; they 
will sell their first 7,000 H.P., or whatever it may be which 
they have constantly, at their highest price, and will guarantee 
delivery. Then comes the next lot of customers which have only a 
day-load, we will say, where the water-power can be stored up during 
the night. Then finally come those who have the overflow power. 
In the last category would come such an industry, for instance, as 
wood pulping, where power can be taken at any moment of the day. 
The manager of the wood-pulping works simply telephones through, 
and if the power company has a couple of thousand horse-power 
available, they can take it up. They can take up the power at any 
instant ; they do not require any notice at all. In a big wood-pulping 
mill the number of hands required to work the mill for pulping alone 
would not be more than about ten, and those men can be used as 
labourers for carting or shifting lumber when the power is not avail- 
able. When the power is available the men are called in, and they 
start pulping, so that there is no loss in letting the mill stand idle, 
apart from the loss of profit, interest on capital charges, etc. Mr. 
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Snell also accused me of making a statement which I really did not 
make, or at least I did not intend to make. He said I stated that in 
many cases in Sweden electrical power obtained from imported coal 
was cheaper than electrical power obtained from water-power. I 
did not state that specifically with regard to Sweden. 

Mr. SNELL : That may be my mistake. 

Mr. CLAYTON: I did not state “in Sweden”; I was not thinking 
of Sweden, but of somewhere else. I stated there were many cases 
projected or actually building, but I did not intend to convey that 
they were in Sweden. The $8,000,000 water-horse-power which it 
is computed is available in Scandinavia has been arrived at from a 
computation of the rainfall. The subject is fully dealt with in a paper 
under the title of, “ Les chutes d'eau Scandinaves et leur avenir," which 
my colleague Lieutenant Lubeck contributed some few years ago in 
*La Houille Blanche," and I shall have great pleasure in sending a 
copy of it to Mr. Snell. It is computed on the average rainfall over, 
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I think, 25 or 30 years, and the land and sea-levels. Mr. Stjernberg | 


discussed the question of the regulation of the generator described in 
the paper. The regulation is given as having 1°5 per cent. regulation 
for unity power factor, and 6'3 per cent. for a power factor of o'8. 
As I stated in the paper, those are very exceptional figures. More 


average figures would be about 7 and 16, or 8 and 20. But I would . 


like to explain that that regulation is voltage rise, it is not voltage drop, 
and it has been brought about in a rather artificial manner ; that is to 
say, as I have explained, the entire ring and the poles are cast of 
steel all in one piece, and the flux density in that is driven up to an 
extraordinarily high figure, so that the top of the magnetisation curve 
on which the generator is working is practically the flat half of a 
steel curve. The air-gap is reduced to the smallest amount practicable 
for mechanical considerations ; there are partially closed slots, that is 
to say, the slit in them is not more than about 2 mm. and the air-gap 
in a generator of that size is about 4 to 5 mm. "The ampere-turns in 
the field are very large, and are distributed mainly in the steel part. 
That accounts for the extraordinarily high figures of regulation. 
Further, these figures of regulation were not compiled by me, they 
were compiled from the official tests by the consulting engineers who 
tested the plant—the Prófnings Anstalten, which is the recognised 
testing body of Scandinavia. The temperature rise of the generator 
was the maximum allowed, about 40? C. I quite agree with what 
Mr. Stjernberg said about the short-circuit current being large, and 
I would myself, given a free hand in designing a generating station, 
most certainly be an advocate of having generators with large im- 
pedance and using auto-regulators. I am sorry to say that auto- 
regulators have not as yet made the progress in Sweden they ought to 
have done, but I think they are making better progress now. As 
regards using choking coils to introduce larger impedance and 
check the flow of current on short circuits, I think Mr. Stjernberg is 
incorrect. I speak generally in my paper of the practice in Sweden, 
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and I do not think you will find that what he says is the case generally. 
I do not know of a single instance—and I know most of the power 
stations—where impedance coils (choking coils) have been introduced 
for that purpose. They are put in between the generators or the 
transformers and the horn lightning-arresters, with the idea of 
checking the lightning discharges into the station. That is a very 
usual though old-fashioned course, and I do not know what the exact 
good of the arrangement is with the primitive coils often used, but I 
do not think that anywhere they are employed for the purpose Mr. 
Stjernberg said. . If so, it is an isolated case. Finally, there was the 
question of the circulation of the oil in the oil-cooled transformer boxes. 
That is a very troublesome thing, but careful tests were made on these 
boxe? to see what the difference of temperature of the oil was in 
various parts of the box. Tests were made on different boxes, both 
with the transformers in the boxes and the transformers out of the 
boxes ; temperature search resistances were immersed at various points, 
and the circulation of oil by that means was proved to be very good 
indeed. The 3-phase transformers had the three cores placed in 
the position of an equilateral triangle. The yoke at the. top was 
open, which allowed for a rush of oil from the part of highest tempera- 
ture, and a circulation down the side of the boxes to the bottom. It 
was found that the circulation was exceedingly good; the oil used 
was very thin, not at all like the type of oil used in many of the 
American transformers, where the usual thick oil is used. Moreover, 
while on the question of oil, I may mention it was found that the 
thinner oils as a rule gave better insulation resistance than the thicker 
oils. Then Mr. Brazil made some remarks about the earthing devices, 
on which I am to a large extent in agreement with him. Of course 
any dry resistance would be much better than a water resistance. A 
number of very competent engineers and assistants have carried out 
experiments on that point, and they have discarded carbon chiefly 
because of its inequalities, and, moreover, it still seems to be in the 
experimental stage. As Mr. Brazil explained so very clearly, he uses 
carbon dust. I should like to ask Mr. Brazil one question with 
regard to that, and that is, whether he does not find that trouble may 
occur in practice owing to the carbon dust becoming more or less 
packed, and so altering the resistance. As to the capacity of water 
resistances, I am not able to speak from memory, but in a general way 
I can say that these lightning-arrester resistances are merely required 
momentarily. I have seen several lightning discharges, or atmo- 
spheric discharges, taking place with about ten-minute intervals, and 
there has been no trouble with the water resistances in large power 
stations of 5,000 to 10,000-k.w. capacity. They аге made of very 
large dimensions, and on the whole have been found more dependable 
than carbon. It may be that a suitable class of carbon has not been 
used. With regard to troubles arising from freezing, the lightning 
only occurs in the summer-time; it is not prevalent in the winter. 
Mr. Patchell remarked that in Italy they couple these protective 
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devices in when they expect lightning storms to come on, but they do 
not go as far as that in Sweden. They put on these protecting devices 
in thegsummer-time when lightning is about, and in the winter-time, 
when there is no lightning, they take them off. As to using carbon 
resistances for the earthing devices, they have also been tried. The 


trouble about that, however, was that damp sometimes got into the - 


carbons, and due to that or other causes, they cracked. In other 
words, this comes under the heading of carbon being unequal in 
quality, subject to changes, and generally unreliable. 

Mr. BRAZIL : I think I stated that I did not like carbon rod resis- 
tances at all. It was only powder that I was dealing with. 

Mr. CLAYTON: We are in agreement. Reference was made by 
Mr. Patchell to the arched part of the dam at Gullspång, and the 
method employed for making it tight. The dam was faced off with 
fine cement, and the bottom caulked with stamped yellow clay. At 
the back there was a protection of wooden beams, and the wearing 
surface was faced with stone; and so far there does not seem to be 
any trouble. 

Mr. PATCHELL: No concrete apron, only timber ? 

Mr. CLAYTON: Only timber. As regards the distance between 
the phases of the water resistances, the slide did not show that there 
were dividing slabs between the phases. Each one is in a chamber 
itself. As regards the oil circulation of the transformer boxes, I think 
I have previously replied to that question in dealing with Mr. Stjern- 
berg's criticisms. One other point that Mr. Patchell referred to was 
the casting of the boss-arms and ring of the generator magnet-wheel 
all in one. The qualities of cast iron and cast steel are quite different. 
In iron, of course, you would not attempt to do such a tbing, but the 
qualities of steel are quite different in that respect. When steel is 
first cast it is ап exceedingly brittle material—worse than iron 
almost; but the process of annealing takes away this brittleness 
and all the stresses which are due to the casting shrinkage. As 
regards the rail crossings, there is a very strong feeling in Sweden 
that they are unnecessarily costly. The people would instead prefer 
to have the money spent in footbridges over the rails, and dispense 
with these very expensive electrical crossings. 

The PRESIDENT: I now ask you to give a hearty vote of thanks to 
Mr. Clayton for his most interesting paper, which has led to such a 
useful discussion. 

The meeting adjourned at 9.46 p.m. 


Mr. Clayton. 


Mr. Brazil. 


Mr. Clayton. 


Mr. Patchell. 
Mr. Clayton. 


The 
President. 


480 WORRALL: COMMUTATION PHENOMENA, ETC., [April 27th, 


COMMUTATION PHENOMENA AND MAGNETIC 
OSCILLATIONS OCCURRING IN DIRECT-CUR- 
RENT MACHINES. 


By G. W. WORRALL, M.Sc., Associate Member. 
(Paper received Sanuary 5, and read at Birmingham on April 27, 1910.) 


INTRODUCTION. 


The experiments described in this paper were undertaken as an 
extension to direct-current machinery of the investigations upon alter- 
nators which the author had previously been engaged upon.* 

The magnetic oscillations were observed by means of E.M.F.'s 
induced in search coils placed on the machine parts in such positions 
as to link the oscillating flux. The E.M.F. waves were photographi- 
cally recorded by means of a Duddell high-frequency oscillograph 
and revolving drum camera. The machine employed in the investiga- 
tion was a 2-pole generator with adjustable commutating poles ; the 
brushes were of carbon and of a width equal to one commutator 
segment plus insulation. 

The principal details and conditions of running of the machine are 
given below, and a diagram is shown in Fig. I. These conditions were 
maintained throughout all the experiments, except where stated to the 
contrary : 

Potential difference on load, 80 volts; current, 20 amperes; speed, 
750 revs. per minute ; exciting current, 1 ampere; normal 
commutating pole current, 5 amperes. 

Brushes in geometrical neutral plane. 

Diameter. of armature, 25 cms. 

Length of armature iron, 15 cms. 

Number of conductors, 270. 

Each conductor formed of 4 wires in parallel. 

Turns per coil, 3. 

Coils per slot, 2. 

Number of slots, 45. 

Winding step measured in coil sides : forward, 45 ; backward, 43. 

: Diameter of commutator, 15:8 cms. 

Number of segments, 45. 


* Sournal of the Institution of Electrical Engineers, vol. 37, vol. 39, vol. 40, 
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Average current density in brush contact surface; 5 amperes per 
square centimetre. 

Kind of carbon used, le carbone “z.” 

Air-gap of main poles, 2 mm. 

Air-gap of commutating poles, 2 mm. 

Commutating pole arc, 43 mm. 

Length of commutating pole, 15 cms. 

Shape of slot, open. 

Width of slot, 7°5 mm. 

Depth of slot, 22 mm. 

Width of tooth top, ro mm. 

Number of turns on each main pole, 3,000. 

Number of turns on each commutating pole, 200. 


Search coils were placed on the pole system and armature as 
shown in Figs. r and 2:— 


Col:P  .. ISturns. | Coil 8 P ae | 60 turns. 
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The oscillograph camera drum was driven by a small electric motor 
with series and shunt-regulating resistances. A four-sided rotating 
mirror was driven from the drum shaft by belt and pulleys in the ratio 
I:2. The speed of the system could bereadily adjusted to synchronism 
with the machine under investigation, and the oscillations could there- 
fore be conveniently studied 1 in the mirror beforetaking a eae n 
record. 

The drum speed was at a known value when the mirror was at 
synchronism, and it was therefore unnecessary to measure the speed. 
The oscillograph was calibrated by inserting a known E.M.F. in 
the circuit; this was done immediately after taking each record, and 
where the records consisted only of high-frequency oscillations, without 
stopping the machine, the oscillatory current being damped out by 
means of a high inductance. Thus on each record a photographic line 
was drawn parallel to the zero line and at a distance from it corre- 
sponding to the known E.M.F. The analysis of the oscillations 
recorded was only possible by the accurate knowledge of the position 
of the armature corresponding to a point on the oscillograph record. 
This was obtained by means of a contact maker placed on the shaft of 
the machine and connected up to the oscillograph in the way devised 
by the author for the previous researches. During the instant of con- 
tact the oscillograph was shunted by a small accumulator, thereby pro- 
ducing a momentary current and hence an isolated peak in the record 
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which was being taken. This peak corresponded to a predetermined 
position of the armature. The contact maker was in all cases set at the 


Fic. 1.—Diagram of Machine. 


beginning of short circuit by the negative brush. A diagram of the 
oscillograph circuit is given in Fig. 3. The frequency of the oscillation 


E Coil 4A 


Fic. 2.—Position of Coils on Armature. 


was determined from the time scale bf the record. Many of the 
results obtained in the author’s previous researches on alternators are 
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also applicable to direct-current machines, and the present investiga- 
tions do not include these. 

The contact maker employed was that described by Arnold in 
* Die Gleichstrommaschine " vol. т, and as no description appears to 
have been published in England a translation is, with the kind per- 
mission of Professor Arnold, given below :— 


“The construction of the contact maker is shown in Figs. 4 and 
5. The contact is not of the rubbing type but of the 
pressure type, and the duration of contact is so short that the 
apparatus works well even with alternating current of high 
frequency. The apparatus consists of a contact disc S rigidly 
coupled to the machine shaft, a graduated disc T, and a movable 
ebonite piece С. On G are mounted, insulated from each 


D Oscillograph 


Inductance 


iili] 
Ес. 3.—Oscillograph Circuit. 


other, the two contact springs f, and f, and the opposing 
springs f; and f} On S is mounted a raised steel piece ж. G 
is rotated to any desired position relative to л, and clamped 
by the screw s. The: finger z serves to read the posi- 
tion of G. 

* The current circuit through the conductors a and b is closed once 
in each revolution when n, comes under f, ; f, is thereby raised 
until it comes into contact with the contact surface k, of the 
spring f+ But the contact continues only for an instant, for 
in the next instant the springs f, and f, are together raised 
and break the contact at K, on which f, rests. In order that 
contact shall not be made again after л, has passed there 
is a second piece л, displaced axially and radially to s 
which raises f, and holds it up until f, returns to its. original 
position. 
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“The contact maker was devised by G. Schade, the mechanic of 
the Electrotechnical Institute at Karlsruhe. The Physical- 
mechanical Institute of Dr. Th. Edelmann at Munich has 
undertaken its manufacture." 


Fic. 5.—Contact Maker. 


The contact maker was found to be absolutely certain and 
accurate ; the duration of contact was, at the normal speed of the 
machine, considerably less than тудуу part of a second. 
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The magnetic oscillations occurring are due to two main causes :— 


I. The movement of the armature teeth in the magnetic field. 
2. The commutation of the armature current in the shor:- 
circuited coil. 


The first class of oscillation was fully dealt with in the previous 
papers on alternators above referred to, and since the results then 
obtained apply equally to direct-current machines, these oscillations 
were not further investigated except where they were associated with 
oscillations of the second class, or where a difference in the design of 
the machines employed gave rise to the existence of oscillations not 
previously investigated. The oscillations of the second class were 
found to be far more important, and in most parts of the machine 
greater in magnitude than those of the first class. These oscillations 
were due to the change of current in the short-circuited coils, and since 
there were two such coils there were two sets of oscillations which 
were displaced relatively to each other 180?, owing to the number of 
commutator segments being odd. | 

Although the currents in the two coils changed in relatively opposite 

directions, the position of one coil was the reverse of that of the other, 
and hence the magnetic oscillations produced were in the same direc- 
tion. Thus the number of oscillations occurring in a revolution of the 
machine was twice that of the commutator segments. 
_ The coil at the instant of short circuit was opposite to a pole-piece 
and linked the main flux, hence the magnetic oscillation caused a 
pulsation in the main magnetic circuit which could be readily observed 
by means of the search coil 5 P wrapped round the pole-shoe. 

The nature of the magnetic oscillation depends upon the nature of 
the commutation taking place, and since the flux at each instant is pro- 
portional to the current in the short-circuited coil, the E.M.F. induced 
in a search coil linking the flux formsa picture of the commutation 
taking place. Such a picture of commutation was found to be a most 
accurate and sensitive guide to the general behaviour of the machine, 
inasmuch as its production was continuous and did not interfere with 
any of the working parts. 

The usual method of commutation research is to measure the 
short-circuit current directly by means of a resistance inserted in an 
armature coil, but this method only gives results for two adjacent 
segments and the coil between them, and gives no indication of the 
nature of the commutation taking place at other points of the com- 
mutator. Such results are liable to be very misleading, for the experi- 
menter cannot be sure that the brush is making good and uniform 
contact, but a record of the commutation taking place over the whole 
circumference of the commutator forms a reliable guide. The 
resistance inserted in the armature coil generally requires to be 
greater than the resistance of the coil itself, and is liable to influence 
the results obtained, and in any case there is nothing to show what 
influence the resistance hos. 

VoL. 45. 82 
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The method adopted in this research is free from all such objections, 
and by its means many interesting and important phenomena have 
been brought to light. Before proceeding to describe these, however, 
commutation will be considered from a theoretical point of view, and 
several results practically obtained in the research will be shown to be 
theoretically possible. | 


PART I.—COMMUTATION PHENOMENA. 


SECTION I.—THEORY OF COMMUTATION. 


The theory of commutation has been the subject of very consider- 
able discussion in recent years. On the one side it is stated that 
commutation should take place in a neutral field, while on the other it 
. is stated that commutation should take place іп a commutating field. 

The first statement is based on the assumption that the short- 
circuited coil should possess no self-induction, while the second 
assumes that the self-induction E.M.F. exists but is compensated by a 
commutating E.M.F. Both sides are agreed that no E.M.F. should 
exist in the coil during commutation, but they differ in the conditions 
necessary to effect it. The resultant field to which the coil side is 
subject consists of two main components: one due to the self- 
induction of the coil, in which is included all mutual inductive effects 
of neighbouring coils, and the other due to the main and commutating 
poles, if any, and the main armature reaction. The former may be 
termed the internal component, and the latter the external component. 
The internal component is approximately perpendicular to the plane 
of the coil, and the external component is approximately parallel 
therewith. | 

If the resultant field to which the coil side is subject be neutral, it 
must either be zero in magnitude or the perpendicular velocity of the 
coil side relative thereto must be zero. By perpendicular velocity is 
meant the velocity component of the coil side perpendicular to the 
line of action of the field. The former condition is impossible because 
the two components are approximately perpendicular to each other, 
but the latter condition may exist ; hence the self-induction of the 
short-circuited coil cannot be said to be non-existent by virtue of 
the cancellation of its field, but by virtue of the cancellation of the 
perpendicular velocity of the coil side relative to the resultant field. 

. The commutating E.M.F. is generated by the external component 
of the resultant field, which therefore is the commutating field. If the 
commutating E.M.F. be equal and opposite to the self-induction 
E.M.F.,the magnitudes of the fields generating them are in inverse 
proportion to the perpendicular velocities of the coil side relative 
thereto; and further, the direction of action of one component 
coincides with the direction of velocity of the other, and vice versá. 
From this it follows that the direction of the resultant perpendicular 
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velocity of the coil side coincides with the direction of action of the 
resultant field. Hence the coil side possesses no perpendicular 
velocity relative to the resultant field. 

Thus both lines of reasoning lead to the same result, and the 
apparent diversity of opinion is merely due to different methods of 
expression. The conditions for good commutation above given cannot 
hold in practice during the whole of the commutation period, but only 
during the final instant. It is, however, generally possible to obtain 
satisfactory commutation without compensating or rendering non- 
existent the self-induction E.M.F. of the coil.. This may be effected by 
a proper choice and disposition of the contact resistance of the brush. 

The choice of the resistance has already been studied by many 
investigators, but few have dealt with its disposition. The use of a 
carbon tip to a copper brush, and Kapp's patent, in which the resistance 
of the forward tip of the brush is increased by means of holes in the 
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contact surface are attempts in this. direction, but the proper 
disposition of the resistance over the contact surface may be carried 
. much further than this. 

Consider a brush of width equal to one segment, and for the sake of 
simplicity let the insulation between the segments be infinitely thin. 
Assume that commutation is to follow tne straight-line law. 

Let— 


L — self-induction of the coil as above defined. 
i, — current flowing through the rear segment (instantaneous 
value). 
i, = current flowing through the forward segment (instan- 
taneous value). 
current flowing through short-circuited coil (instan- 
taneous value). 


i 


r, — resistance of contact to rear segment. 
r, == resistance of contact to forward segment. 
I = current flowing into brush. 


t = time after commencement of short circuit at which the 
above values occur. 


Then the difference of potential existing between the ends of the 
short-circuited coil is equal to the difference between the potential 
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drops across the two contact surfaces, and this must equal the self- 
induction E.M.F. (Fig. 6) ; 


1.6.— 
аі 
Ly = МА о a cs е. ДЇ) 
Now— 
i, =I/2 +i, and i,—I/2—i, andlet i= ф (Ù, 
then— 
d 
L $o (0 = r (2 — ¢ (1)) — r (2 + e(0). 
Let— 


a = total surface of brush. 
s = contact resistance per square millimetre of surface. 
x and y = contact areas over the rear and forward segments 


respectively. 
Then— 
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It is evident that the quantity under the radical is greater than 
(a Lg’ (t)—Is), hence only the positive sign may be considered. 
It— 


v — the surface velocity of the commutator, 
f == the width of the brush measured circumferentially, 


=F and өф 5 7! — Tja 


when the commutation follows the straight-line law, 
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Then— 
I F Iv Ivt 
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This equation shows the necessary variation of the contact surface 
over the rear segment. It is not linear, and hence an ordinary carbon 
will not follow such a law. If, however, the sides of the surface be 
curves the contact may be made to follow any law desired. 

Let z be the width of the brush surface in a direction parallel to the 
commutator axis. 


Then— 
[its and LL 
tv 
Now— 
1 4aLvs 
dx __ 2 f? zs 
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or— 
as 


(3) 


When {=0,*=0; if these values be substituted in equation (2), 
the value of a will be obtained, and— 


:90 
و 


Now substituting this value of a in equation (3)— 


s rd 
2Lv vt’ 
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of the rear tip is infinity, and that of the forward tip is TLy 


Fig. 7 shows the shape of the brush surface. The shape of brush 
obtained in this way, although not in itself practicable, points the way 


2 = 


Hence the axial width 


when / 20, z = co, and when t= fjv, 2 = 
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to the proper disposition of the resistance over the oontact surface to 
obtain approximately straight-line commutation. 

The resistance of the contact surface over the rear segment must 
be very low compared with that over the forward segment, and this 
relation must hold not merely at the end of the period but quite early 
in the period. "This disposition of the resistance may be approximated 
to by cutting away a portion of the surface of an ordinary brush as 
shown in Fig. 8. In this way the resistance to the forward segment is 
made high before, say, one-half of the short-circuit period has expired. 


Forward 


bip 


FIG. 7. 


The direct effect of such a disposition of the contact resistance may 
be seen from equation (1). The potential difference forcing the current 
to change is made high during the early portion of the short-circuit 
period, and hence the commutation is accelerated at the beginning 
instead of at the end of the period. This prevents a rush of current 
at the final instant, and renders the current change much smoother. 
The magnitude and disposition of the contact resistance and the self- 


< Rotation 


FIG. 8. 


induction of the coil determine what may be called the natural period 
of commutation, while the mechanical design and speed of the machine 
determine the available period. The natural period may be defined as 
the time required for the current to commutate under the conditions 
existing in the circuit of the coil, while the available period is the 
duration of the short circuit. А 

Although theoretically the current would always occupy the whole 
of the available period in commutating, practically the current would 
reach a value closely approximating to its final value in a certain 
definite time which may be less than the available period. The avail- 
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able period in a given machine is proportional to the speed, but the 
natural period was found to be but slightly influenced thereby. The 
relation which the one period bears to the other, and the actual magni- 
tude of the natural period, determine the efficiency of commutation. 
By efficiency is meant not merely whether the commutation is spark- 
less or not, but whether the commutation takes place with the 
maximum rate of change of current at its lowest possible value. The 
sparking is determined by the relation of the two periods alone ; if the 
natural period be less than the available, no sparking will take place, for 
commutation will be complete before the short-circuit period expires ; 
when the two periods are just equal the critical sparking conditions 
exist, and when the available period is less than the natural, the latter 
is concluded by a spark. The simplest way of varying this relation- 
ship is by varying the speed of the machine. Hence there is a certain 
critical speed below which the machine is sparkless and above which 
sparking takes place. 

If the natural period be less than the available, the value of the 
maximum rate of change of the current depends upon the duration of 
the natural period alone, for if the self-induction of the short-circuited 
coil remain constant, the natural period is dependent upon the magni- 
tude and disposition of the contact resistance of the brush. If these be 
unsuitable the change of current will be retarded at the commence- 
ment of commutation and will be rapidly accelerated at the end. If, 
however, they be properly chosen, the change of current will be slow 
at the end of commutation and accelerated during the early stages. 
The effect of this will be to reduce the maximum value of the rate of 
change of current over the whole period. Such an acceleration during 
the early stages of commutation will reduce the duration of the natural 
period and effect a better distribution of current over the contact 
surface. Hence although the reduction of the contact surface already 
described and shown in Fig. 8 increases the apparent current density 
over the contact surface, the actual current density may be diminished. 

When the conditions are such that the natural period cannot be 
adjusted sufficiently to obtain efficient commutation, an external or 
commutating E.M.F. must be introduced into the circuit. The primary 
effect of such an E.M.F. should be to accelerate the change of current 
during the early part of commutation, and not merely to compensate 
the self-induction of the coil at the end of the period. Such an 
accelerating effect may be considered as a compensation of the self- 
induction, but in whatever light it be regarded, it is essential that 
it be effective during the early portion of the period. The actual 
magnitude of tbe commutating E.M.F. required depends upon the 
natural period of the coil; if the E.M.F. be too small or in the wrong 
direction, sparking will take place at the forward tip of the brush. If, 
however, it be too large, sparking will take place at the rear tip. 
Sparking in the former case is due to the available period being too 
short, and in the latter case is due to the rush of current which takes 
place instantly the coil is short-circuited, and to the consequent 
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heating of the first contact. Between these two extreme cases there 
is a gradual shifting of the commutation backwards from the forward 
tip of the brush to the rear as the commutating E.M.F. is increased. 

If the commutating E.M.F. be provided by means of commutating 
poles, the presence of the latter considerably increases the self-induction 
of the coil and the flux due to armature reaction in the commutating 
zone. The latter must be opposed by an equal flux from the commu- 
tating poles before any commutating E.M.F. is generated in the short- 
circuited coil. The word * oppose " is used advisedly in preference to 
“ neutralise " or “compensate,” for reasons given later in the experi- 
mental part. | 

So far nothing has been said with regard to the polarity of the 
brush, and indeed it is usual not only in theory but in actual experi- 
mental work to pay no regard to this point. But it is well known that 
the contact resistance of the positive brush is different to that of the 
negative brush, and hence when the conditions of commutation are 
suitable for a brush of one polarity they are not necessarily suitable for 
a brush of the opposite polarity. In fact, it is quite possible, as indeed 
was found in this research, for an alteration of the conditions which 
improves the commutation under the negative brush to seriously 
deteriorate the commutation under the positive brush. Thus, for 
example, the slit cut in the brush, as in Fig. 8, may improve the 
commutation under the negative brush, but may render the commuta- 
tion under the positive brush much worse. 

These theoretical considerations may be summarised as follows :— 


I. In order to neutralise or render non-existent the self-induction 
E.M.F. of a coil at any instant the relative movement of the 
field and coil side must take place along the line of action 
of the resultant field at that instant. 

2. Efficient commutation may be effected by a suitable adjust- 
ment of the natural period of the coil, and this may be done 
by properly disposing the contact resistance over the brush 
surface. 

3. When the contact resistance is properly disposed the resistance 
to the forward segment is relatively high at an early stage of 
the commutation period. 

4. Sparking at the forward tip of the brush is due to the available 
period being shorter than the natural period. 

5. For every machine there is a critical speed at which the avail- 
able and natural periods are just equal to each other, and 
below which the machine runs sparklessly. 

A reduction of the natural period accelerates commutation 
during the early part of the short-circuit period, and 
increases the efficiency of commutation by lowering the 
maximum rate of change of the current, thereby causing a 
better distribution of current over the contact surface 
accompanied by a reduction of temperature. 


S 
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7. The acceleration may be effected by a commutating E.M.F. If 
the natural period exceed the available period and the com- 
й mutating E.M.F. be too small sparking takes place at the 
forward tip. of the brush, and if the commutating E.M.F. be 
gradually increased the commutation is shifted backwards 
until sparking takes place at the rear tip of the brush. 
8. The natural period of the coil when short-circuited by tlie 
positive brush is not necessarily the same as when short- 
circuited by the negative brush. 


SECTION II.—THEÉ BRUSH-HOLDER. 


The theoretical conclusions enumerated above were found to be 
experimentally true, but before dealing with them from the experi- 
mental side certain serious difficulties which were encountered in 
connection with the brush-holder will be described. 

In the early stages of the research it was found that the commuta- 
tion was exceedingly irregular ; not only was it different for different 
segments, but it changed from time to time. On reference to other 
researches in which commutation oscillations were shown it was 
noticed that these showed similar irregularities. In many published 
results these irregularities were stated to be due to variation of the 
contact resistance between the brush and the commutator, and were 
regarded as a natural defect in the particular machine employed, 
and impossible of prevention. It was, however, of the greatest 
importance to find the cause of these irregularities, and if possible to 
overcome them, as while they were present accuracy was quite impos- 
sible, and none of the phenomena recorded in this paper could be 
observed with precision and related to their proper causes. It was 
thought that these irregularities were mainly due to mechanical defects 
of the brush-holder, and as the work proceeded this view was fully 
confirmed. _ 

The commutator was turned up and the mica scraped out from 
between the segments to a depth of about 1 mm. Several types of 
brush-holder were tried, including the finger and reaction types, but 
with all these the contact surface was by no means constant. This 
was found to be due to a variable coefficient of friction between the 
carbon and the commutator surface, and to slight differences in the 
commutator surface. The incapability of the brush to adjust itself 
automatically to such varying conditions caused the commutation to 
be very uncertain in its nature. The author had the opportunity of 
examining some of the most modern brush-holders in actual use, and 
found that in all these the same difficulties existed, that the contact 
surface was not certain, and that the contact pressure was not uniformly 
distributed. A very common evidence of this is that the surface, when 
newly rubbed up with emery paper and allowed to polish by running 
the machine, polishes up first at the rear tip owing to the tipping effect 
of the friction. | 
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A few examples of the commutation oscillations obtained are given 
in Fig. 9, and a comparison of these records with those given later will 
show the unreliable. nature of the commutation effected by the ordi- 
nary type of brush-holder. A new brush-holder was designed and 
constructed entirely free from these objections, and was used in all 
the experiments described in this paper. 

The photographs shown in Figs. 10 and 11 illustrate the brush-holder. 
Fig. 10 shows the holder put together for use, and Fig. 11 shows the 
various parts. 

The holder consists of a carrier A mounted on the brush-bar and 
clamped thereon by the screw B. A double plate C is mounted and 
capable of sliding on the carrier A, and is guided in its motion by a stud 
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Fic. 9.—Magnetic Oscillations in Pole-shoe with Ordinary Type of 
Brush-holder. 


working in the slot D, and can be clamped in any position by thescrew E. 
Two metal frames, F, and F,, are held against this plate by the springs 
G, and G, respectively, in the positions shown. Their lower ends are 
formed into half-bearings, which press on to the axis H, upon which 
the carbon is mounted. The carbon is free to rotate upon the axis Н, 
and is prevented from moving with the commutator by the tangential 
force exerted by one of the frames F; one frame corresponds to each 
direction of rotation, and is inoperative in this respect when the rota- 
tion is reversed. Either end of the brush axis is free to lift independ- 
ently of the other end. Hence the brush is free to adjust its position 
to any change in the commutator surface radially, circumferentially, 
and laterally. When this brush-holder was in use the surface of the 
carbon was always uniform, and the commutation remained always the 
same, even if the brush were removed and then replaced. 


FIG. 10.—Brush-holder. 


FIG. ІІ. —Brush-holder. 
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The brush-holder was of great service not only in this research, but 
in othe? researches carried out at Karlsruhe, where similar difficulties 
had been experienced. 


SECTION III.—INTRODUCTION TO EXPERIMENTAL RESULTS. 


The commutation phenomena already theoretically considered were 
experimentally studied by means of the magnetic oscillations recorded 
in coil 5 P on the pole-shoe. 

The oscillations recorded were due both to the movement of the 
teeth in the main magnetic field and to the commutation of the arma- 
ture current; but, as will be seen from Fig. 12, the two kinds of oscillations 
were easily distinguished from each other. In this figure A shows the 
tooth oscillations alone as recorded on open circuit, and B the oscilla- 
tions recorded on full load. C and D are records obtained by running 
the machine as a generator with full-load resistance in circuit, but with 
only one commutator brush down, the circuit being completed through 
a slip-ring connected to a point in the armature. In record C the 
the negative commutator brush was employed, and in A the positive 
brush. In these two latter records, when the tapping-point was in the 

.neighbourhood of the commutator brush, only the tooth oscillation was 
recorded, and as the tapping-point rotated the commutation oscillation 
appeared until when the point was opposite the commutator brush the 
oscillation reached its maximum value. Thus C shows the magnitude 
of the oscillation due to the negative brush, and D that due to the 
positive brush. 

The magnitude of the positive brush oscillation was very much 
smaller than that due to the negative brush. This difference was not ` 
due to any lack of symmetry of the magnetic system, for both brushes 
behaved in a similar manner when changed in polarity, but entirely to 
a difference in the natural period of the short-circuited coil when under 
the positive and when under the negative brush. 

Since the magnitude of the positive brush oscillation was less than 
that of the negative, the natural period of the former was less than that 
of the latter, and since it may be assumed that the self-induction in the 
two casesis the same, it follows that the contact resistance of the brush 
when positive was higher than when negative. This result agrees with - 
those obtained by Arnold and others in their measurements of the 
contact resistance of this type of carbon. 

The commutation oscillation consists of a single peak; the magni- 
tude of the peak is proportional to the maximum rate of change of 
the current in the short-circuited coil, and its magnitude and position 
in relation to the contact maker indicate the nature of commutation 
taking place. When the peak is small and occurs early, the commu- 
tation is efficient ; but when the peak is large and occurs late in the 
period, the commutation is completed by a rush of current and 
sparking is liable to take place. 

The resultant oscillation in a given machine may have eight 
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different shapes. The shape is determined by three factors: i.e., 
direction of rotation, direction of current, and direction of field. 
Fig. 13 shows the various shapes of oscillations obtained, and the 
circles to the right of the figure show the relations of the three factors 
referred to. The curved arrow indicates the direction of rotation, the 
horizontal arrow that of the current, and the vertical arrow that of the 
field. The tooth oscillation changes in direction when the field is 
reversed, and where the direction of rotation is reversed, hence a 
reversal of both field and rotation has no effect upon it. 
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Fic. 13.—Direction of Armature Current, Field and Rotation varied. 


The commutation oscillation changes in direction when the direc- 
tion of current changes, and the positive and negative oscillations 
interchange in position, the other factors remaining the same. A 
reversal of rotation has two effects : firstly, reversal of direction ; and 
secondly, a displacement as regards time. This latter is due to the 
peak occurring at the end of the short-circuit period ; when the rota- 
tion is reversed, the peak therefore shifts to the left in the record 
about one-half a period in relation to the tooth oscillation. А 
reversal of both current and rotation causes no change in the direc- 
tion of the oscillation, only a change in the position. 


498 WORRALL: COMMUTATION PHENOMENA, ETC., [April 27th, 


If the commutation oscillation peak occurred exactly at the middle 
of the period, record G would approximately correspond to A, record H 
to B, record E to C, and record F to D, and there would only be four 
varieties of resultant oscillation. 

The movement of the peaks to the left can be very clearly'seen by 
comparing the records as above. 

Still another variation can be given to the shape of the resultant 
oscillation by shifting the brushes through a fraction of a period, and 
thus displacing the phase of the commutation oscillation in relation 
to the tooth oscillation. 

The actual magnitude of the negative peaks when produced by the 
normally positive brush is not exactly the same as when produced by 
the normally negative brush, and vice versá. This is partly on account 
of their differing relation to the tooth oscillation, and partly on account 
of the fact that a brush normally positive required to run a very long 
time before it became a normal negative one. The change did take 
place if sufficient time was given (usually several days continuous 
running), but it was not thought necessary for the purpose of these 
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Fic. 14.—Commutation Cold and Hot. 


records to spend the time necessary to effect a complete change. The 
reason for this curious phenomenon will be explained in Section IX. 


SECTION IV.—THE INFLUENCE OF CONTACT RESISTANCE ON 
COMMUTATION. 


In the last section it was shown that the difference of resistance of 
the positive and negative brushes had a very marked influence on the 
commutation taking place. This influence was also noted in the com- - 
mutation obtained when the commutator was respectively cold and 
hot. Fig. 14 shows the records obtained. A was recorded when the 
commutator was cold after standing over the week-end ; temperature 
of room 15°С. В was recorded after the machine had been running 
several hours and the commutator had attained the temperature of 
29° C. The negative oscillation increased considerably with rise of 
temperature, while the positive oscillation diminished slightly. This 
was caused by a decrease in the contact resistance of the negative 
brush, while that of the positive brush varied but little. Such sensi- 
tiveness of the negative brush resistance and lack:of sensitiveness of the 
positive to change of temperature is confirmed by Arnold's measure- 
ments of the contact resistance of the carbon used in this research. 
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The influence of the contact resistance on commutation is further 
demonstrated by Fig. 15. А was obtained under normal full load 
running conditions, and B was obtained under the same conditions, 
but when a little petroleum had been rubbed on the commutator. 
The petroleum increased the contact resistance and thereby reduced 
the natural period of the short-circuited coil with the resulting 
diminution of the oscillation and the maximum rate of change of 
the current. 

It should be mentioned that the petroleum is very difficult to 
remove from the commutator, and the least trace is sufficient to 
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Fic. 15.—Effect of Oil on Commutator. 


influence commutation. This last experiment was therefore only 
done when all the other experiments had been completed. 

It might be thought that an increase in the contact resistance 
would considerably increase the brush losses, but it must be re- 
membered that with the improved commutation the current is 
more uniformly distributed over the contact surface, and further, 
the small magnitude of the oscillation will cause the iron losses to 
be reduced. 


SECTION V.—THE DISPOSITION OF THE CONTACT RESISTANCE. 

It was pointed out in the theoretical section that commutation could 
sometimes be improved by a proper disposition of the contact resist- 
ance over the brush surface. This was effected in the present research 
by means of the brush shown in Fig. 8. A series of records was taken 
of the oscillations occurring in coil 5 P on the pole-shoe with various 
widths of contact surface at the forward tip of the brush. These 
records are shown in Fig. 16. The shape of brush corresponding to 
each record is shown in the figure. Only the negative brush was 
varied, as the commutation under the positive brush was already very 
satisfactory. The negative oscillation was gradually reduced in mag- 
nitude as the width of the forward portion of the brush surface was 
reduced, until the width of the latter was a minimum consistent with 
mechanical strength. 

In this shape of brush the contact surface of the brush is equally 
divided between the two segments, when about one-quarter of the 
short-circuit period has expired, and just before one-half the period 
the contact resistance over the forward segment is confined to the 
narrow strip at the forward tip of the brush. 


500 WORRALL: COMMUTATION PHENOMENA, ETC., (April 27th, 


The reduction of magnitude of the oscillation is, as pointed out in 
the theoretical part, due to earlier commutation. This can be very 
clearly seen by means of the contact mark on the records. The peak 
of the negative oscillation gradually moves to the left, and since time 
is towards the right and the contact mark indicates a fixed position of 
the armature, the peak occurs earlier as the contact surface is reduced. 
The positive oscillation peak remains in a fixed position, and hence the 
two peaks gradually approach one another. 

With a full surface the negative brush had a tendency to spark on 
full load, but when the forward surface was reduced to 24 mm. all 
sparking disappeared, and with a 2-mm. surface the machine could 
be run on a 75 per cent. overload without any trace of sparking. 
Thus the overload capacity of a machine may be greatly increased by 
a suitable disposition of the contact surface. 

The actual dimensions of the two portions of the contact surface 
suitable for any given type of machine depend upon the self-induction 
of the short-circuited coil and the specific contact resistance of the 
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Fic. 17.—Effect of divided Surface on Commutation under the 
Positive Brush. 


carbon employed, but they can always be determined by means of a 
search coil on the pole-shoe and the oscillograph as in this research. 

The same experiment was tried with the positive brush, but with 
very different results. . As will be seen from the above figure, the posi- 
tive oscillation was very small even with the full surface, and hence any 
alteration in the brush surface could hardly improve matters, as the 
commutation was already so very satisfactory. The brush was cut 
away in exactly the same way as in Fig. 16; but, as will be seen from 
Fig. 17, the oscillations immediately increased to about the same magni- 
tude as those due to the negative with the full surface brush. 

A superficial consideration of the divided brush might lead one to 
suppose that the commutation would take place in two successive rushes, 
one related to each portion of the brush surface, and that but very little 
change of current would take place during the period in which the 
contact resistance to each segment remained constant. If such were 
the case the natural period of commutation would be increased and the 
efficiency of the brush would be seriously impaired. This, however, is 
not the case, as the two rushes of current are prevented by the retarding 
action of the self-inductance of the short-circuited coil. 


1910.] ` IN DIRECT-CURRENT MACHINES. 501 


In the case of a full surface brush, when a rush of current takes 
place at the end of the short-circuit period most of the current is 
carried by the forward portion of the surface until the high resistance 
of the latter accelerates the commutation. Thus the effective surface 
of the brush for current carrying is much smaller than the actual 
surface. In the divided brush all the surface is effective. Thus the 
effective surface in the two brushes may not be very different, and the 
temperature rise as a consequence may not be increased, although the 
actual surface of the brush is reduced. 


SECTION VI.—THE INFLUENCE OF SPEED ON COMMUTATION. 


It has already been pointed out that the natural period of commu- 
tation is but slightly influenced by the speed. The reason for this may 
be seen from the following considerations :— 

. At a given time after the commencement of short circuit the con- 
tact resistance to the forward segment is increased, while that to the 
rear segment is reduced by an increase in speed. Such a change in 
the resistance will diminish the natural period of the coil, but not in 
proportion to the speed, while the available period is diminished in 
proportion to the speed, and the ratio of the available to the natural 
therefore diminishes as the speed increases. Ata certain critical speed 
therefore the ratio is unity, and this is the critical sparking speed. 

Fig. 18 shows a series of records of the oscillations occurring in 
coil 5 P on the pole-shoe obtained by varying the speed of the machine. 
The negative peak moves to the left as the speed is diminished, and 
hence occurs earlier. At a speed of 640 revs. per minute the peak occurs 
just before the contact mark, which latter was adjusted to the com- 
mencement of the short circuit ; hence at this speed commutation was 
completed by a current rush, and when the speed exceeded this value 
the natural period exceeded the available and sparking took place. In 
order to make quite sure that the improvement of the commutation at 
the lower speeds was due to a change in the available period of the 
coil, the machine was run with the poles not excited, and the armature 
current supplied from an external source. Fig. 19 gives the records 

obtained which exhibit the same characteristics as those in Fig, 18. 
| This critical no-sparking speed of 640 revs. per minute was quite 
definite even to a few revolutions, and could readily be determined by 
gradually increasing the speed until sparks appeared. 

Although the available period increased as the speed was diminished, 
the magnitude of the commutation peaks was but slightly reduced, and 
in relation to the contact maker moved to the left, or if the position of 
the peak be considered as fixed, the contact maker moved to the right 
in the direction of time—i.e., the extension of the available period 
occurred at the end of commutation, or in other words, the natural 
period remained nearly constant, and maintained the same relation to 
the commencement of commutation. 
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SECTION VII.—INFLUENCE OF COMMUTATING E.M.F. on 
COMMUTATION. 


It has already been pointed out that instead of altering either the 
natural or available period of commutation, an external factor may be 
introduced and the commutation may be accelerated by means of a 
commutating E.M.F. Such an E.M.F. must necessarily be in the same 
direction as the main current in the short-circuited coil after commuta- 
tion. The E.M.F. may be induced in the short-circuited coil by its 
movement either in a portion of the main magnetic field or in the field 
due to commutating poles. 


Time 
Neutral Two segments forward 
Winn we 
Three segments forward Five segments forward 


ow vw 


FIG. 20.— Position of Brushes varied. 


If the induced E.M.F. be constant or follow a known law the 
way in which the current varies may be expressed by the differential 
equation— 

di 


LTT = fat п + есу 


where e, = commutating E.M.F. 

The E.M.F. should be sufficiently large during the early part of the 
short-circuit period to accelerate the commutation at the commence- 
ment. The effect of the acceleration in reducing the natural period 
and the maximum rate of change may be readily seen from Figs. 20 and 
21. The various records in Fig. 20 were obtained by shifting the 
brushes forward by steps of one or more segments. The magnitude 
of the negative oscillation gradually diminishes and the peak moves to 
the left—that is, occurs earlier—as the brush lead is increased. At the 
same time the positive oscillation is considerably increased. 

When the lead is such that there is a relatively large E.M.F. induced 
in the short-circuited coil at the commencement of short circuit a rush 
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of current takes place at the first contact with the approaching segment, 
and the contact may be so heated that the continuity of contact is 
broken and a spark occurs at the rear tip. If the E.M.F. be so large 
at the end of the commutation period as not merely to reduce the 
current flowing through the forward segment to zero, but to reverse its 
direction, a spark occurs at the forward tip. 

The common conception of an induced short-circuit current in the 
coil can only hold in the latter case above described ; unless the current 
in one of the segments be actually reversed no current can flow across 


Time 
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Fic. 21.—Commutating Pole Current varied. 


the brush surface, for the effect of the commutating E.M.F. when of 
normal magnitude is simply to increase the current in the rear segment 
and diminish it in the forward segment. 

In the records given in Fig. 21 the commutating E.M.F. was 
induced by means of commutating poles. The width of each pole 
was 23 times the armature tooth-pitch. The commutating poles were 
separately excited and the field was varied from a minimum for no 
sparking to a maximum for no sparking. Such variation of the field 
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produced effects similar to those obtained by shifting the brushes 
above described. The short-circuit current at the end of commutation 
is clearly shown by the large peak above the zero line. 

The presence of the commutating poles increases the self-induction 
of the coil, and therefore the natural period is increased ; hence if the 
natural period be correct without commutating poles it may be too long 
when commutating poles are fitted. In such a case a commutating 
E.M.F. is required to compensate the increased natural period. 

The presence of the commutating pole, however, not only increases 
the self-induction of the short-circuited coil, but also increases the 
armature reaction flux in the commutating zone. "This latter must be 
opposed by an equal flux from the commutating pole before any flux 
is available to generate the required commutating E.M.F. The two 
fluxes oppose but do not cancel one another in the commutating pole 
air-gap. The effect of such opposition is to spread out the fluxes in 
much the same way as the flux of two permanent magnets with similar 
poles presented to each other. 

The surface of the commutating poles remains constant, but that of 
the armature varies as the teeth move past the pole-face. Such varia- 
tion gives rise to a corresponding change in the magnitude of the 
armature flux opposed by the commutating pole flux; thus when the 
commutating pole flux is equal to the minimum value of the armature 
flux, the periodic increase of the latter enters the commutating pole- 
face and induces an E.M.F. in a coil wound round the commutating 
pole-shoe. As the pole flux is increased this magnetic oscillation is 
diminished, and the excess of the commutating pole flux over the 
armature reaction flux enters the armature and generates a commut..- 
ting E.M.F. This latter flux is also subject to an oscillation owing 
to the movement of the teeth, which induces an E.M.F. in the search 
coil above referred to. The armature reaction oscillation, however, 
although diminished in magnitude continues to exist, for whatever be 
the magnitude of the commutating pole flux the two opposing fluxes 
remain independent of each other. The two oscillations, being pro- 
duced by opposing fluxes, are approximately 180? out of phase with 
each other. 

Thus the resultant oscillation exhibited by coil 9 P on the commuta- 
ting pole-shoe forms a convenient method of studying the nature of the 
field in the commutating pole air-gap. In Fig. 22 are given the 
oscillations recorded corresponding to various commutating pole- 
currents between the two extreme sparking limits. 

On record A the main oscillation is due to the armature reaction 
flux, the slight indent in the oscillation indicates that the commutating 
pole flux is greater than the armature flux. The indent grows and in 
record B is about one-half the magnitude of the main oscillation, while 
in record C the original indent is larger than the original main oscilla- 
tion. This may be seen by the position of the contact maker relative 

to the two oscillations. 

As the commutating pole current is increased, the oscillation of the 
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commutating pole flux rapidly grows until in record F the original 
indent becomes the main oscillation, and the original oscillation almost 
an indent. 

These records were taken at the same time as those given in Fig. 21, 
and hence each record given in Fig. 22 shows the condition of the 
field in the commutating pole air-gap, while the corresponding record 
in Fig. 21 shows the nature of the commutation obtained. А com- 
parison of the two sets of records shows that for no sparking a slight 
commutation E.M.F. was required, but that there was a large range 
before the maximum permissible E.M.F. was reached. 

It might be thought that the oscillations above described were due 
to some interference on the part of the main poles or the other com- 
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FIG. 22.—Magnetic Oscillations in Commutating Pole-shoe—Commu- 
tating Pole Current varied. 


mutating pole. That the oscillations were not due to interference on 
the part of the other commutating pole was shown by the fact that a 
similar series of results was obtained when the other commutating pole 
was removed. In this case the minimum value of the commutating 
pole current for no sparking was but slightly greater than when two 
poles were fitted, but the maximum value was double. 

This clearly shows that the commutating pole flux fulfils two func- 
tions : first, to oppose the armature reaction flux in the commutating 
zone ; and secondly, to provide a commutating E.M.F. The first acts 
as pole against pole, the armature flux is not cancelled but only opposed. 
Each commutating pole deals with the pole-strength of the armature 
on its own side, and is not influenced by the presence or absence 
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of the other pole. - The commutating E.M.F., however, must be of 
approximately the same magnitude whether there be two poles or only 
one, and hence if the E.M.F. be generated in one side only of the 
short-circuited coil the flux generating it must be doubled. 

Hence, when the commutating flux is small compared to the 
opposing flux, the ampere-turns required per pole are only slightly 
greater when only one pole is used than when two are in use, while 
when the commutating flux is large compared with the opposing flux, 
the ampere-turns required are practically double. Hence the use of 
one pole may affect a considerable saving in copper, and the ‘range 
of commutation is greatly increased. 


SECTION VIII.—THE WIDTH OF THE COMMUTATING POLE. 


Fig. 23 showsthe E.M.F. curve recorded in coil 2 А wrapped round 
the middle of an armature tooth. A is the curve recorded when the 
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A Wide çom. pole 


B Narrow com. pole 


. Ес. 23.—Magnetic Oscillations in Middle of Tooth. 


width of the commutating pole is 2} times the armature tooth-pitch. 
The two extreme peaks, P and Q, in the commutating zone are due to 
tbe flashing of the flux across the slot, one as the coil enters under the 
commutating pole, and the other as it leaves. Between these two 
peaks two others, К and S, occur due to the commutation pulsation. 
The one to the left occurs in the tooth when to the rear of the slot 
being commutated, and to the other when it is in front. 

The four peaks are alternately above and below the zero line, and 
are of the same order of magnitude. The position of the inner peaks is 
fixed by the commutation conditions, but the distance apart of the 
outer peaks may be varied by varying the width of the commutating 
poles. If the width were so adjusted that the two outer peaks were 
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superposed on the inner ones the four peaks might be made 
practically to disappear. In order to ascertain if this were possible 
narrow commutating poles were fitted, equal to 13 times the tooth- 
pitch, and the position of the brushes slightly adjusted so that the two 
left-hand peaks were superposed. The magnitude of the commutating 
pole current was also slightly reduced, and record B in the same figure 
was obtained. 

If the oscillation in the tooth be neutralised the losses will be 
reduced and the efficiency of the machine increased. In the 
experiment only one commutation oscillation was neutralised, but 
if the width of the pole had been further reduced the other oscillation 
could have been neutralised in the same manner. 

The velocity of the coil side relative to the flux is greater during the 
flash than when the slot is under the pole-face, hence the flux required 
would be less, and the ampere-turns could be reduced. 


SECTION IX.—THE CAUSE OF THE DIFFERENCE IN BEHAVIOUR OF 
THE POSITIVE AND THE NEGATIVE BRUSHES. 


In many theoretical discussions on commutation the influence of 
one brush upon the other is considered, but no physical difference 
which may exist between the two brushes is taken account of. Many 
also who have experimentally investigated the subject have paid no 
regard to the polarity of the brush. Those, however, who have made 
measurements of the physical properties of each brush individually, 
such as the measurement of resistance and friction, have noted a 
very marked difference between them. No law appears to hold which 
could be applied to all conditions of running, and to all brush 
materials, but the general observed result is that the negative brush 
is much more sensitive than the positive to change in temperature, 
current density, etc. 

Two observations in this direction were repeatedly made in this 
research, viz., that the warm brush vibrated very considerably when 
negative, but the same brush ran quite smoothly when positive, and 
that the surface of the negative brush was very much more highly 
polished than that of the positive. The vibration was entirely 
prevented by laying about six thicknesses of copper foil, each 0:035 mm. 
thick, on the forward tip, and a strip of copper on the rear tip, 
the metal being held in close contact with the brush by means of a 
copper clip; the metal was insulated from the carbon by very thin 
strips of mica. Both brushes were fitted in this way for the sake 
of uniformity. 

The reason for this was thought to be as follows: The heat generated 
at the brush contact surface caused that surface to expand slightly, 
and the forward tip, being shielded from all draughts by virtue of its 
position, was subject to the greatest expansion, and actually lifted froin 
off the commutator. The lifting was not continuous, but periodic ; as 
a cold segment came under the tip, the latter came into contact with 


LIE 6% ‘14 82 со 


diy a E ji RS ery 


WE EOE ; SCR | uc pies dog c 


э 


ZEN 
P-P 


di 
p-tO XOT 


r 


vb 


1910. ] IN DIRECT-CURRENT MACHINES. 509 


the commutator, but when the segment was heated by the current the 
tip was lifted off again. Thus a high-frequency vibration was set 
up which was communicated to the whole brush. The heat generated 
at the tip was not readily conducted away by the carbon, but the 
superior conductivity of the copper strips carried the heat away, 
and the large surface of the clip served to radiate it. The polished 
surface of the negative brush was due to its high temperature. 
This theory was fully substantiated by the following experiments :— 


I. A brush polished up and in use for some time without the 
metal cooler was observed to have a band of brown nearly 
half the width of the brush on the forward part of the 
contact surface ; slight sparking also took place. The metal 
cooler was then fitted, and after about 2 hours’ running, the 
band of brown was found to be entirely rubbed away, while 
a new band appeared down the middle of the brush. No 
sparks were visible at the tip, but at the side of the brush 
about the middle an occasional spark appeared. The brush 
vibrated very considerably without the cooler, but with the 
cooler it ran quite smoothly, and the running was observed to 
improve as time went on. 

2. With a very weak commutating pole-field the current com- 
mutated very irregularly even with the cooler used in ex- 
periment 1, and a brown band 34 mm. wide formed on 
the forward tip of the contact surface. The surface is 
shown in the photograph in Fig. 24. When the field was 
strengthened regular commutation was obtained, and the 
brown band was rubbed away as shown in Fig. 25. 

3. The commutating field was weakened as in experiment 2 and 
the brown band again obtained. The thickness of metal on 
the forward tip was then trebled, and regular commutation 
was obtained with the same commutating field, and the 
brown band was rubbed away as shown in Fig. 26, 


No sparking took place in either case when regular commutation 
was obtained. 

From experiment 1 it is evident that with the cooler the brush was 
running on the two tips and the centre was not in proper contact with 
the commutator, and it may be concluded that without the cooler the 
forward tip was in bad contact with the commutator. It thus appeared 
that the surface of the brush expanded, but the cooler cooled the tips, 
thereby causing the curvature of the surface to be greater and the tips 
to come into contact with the commutator. 

Experiment 2 shows the same effect ; when the commutating field 
was weak the high inductance of the armature, owing to the presence 
of the commutating poles, caused the current to commutate very slowly, 
and consequently the forward portion of the brush surface carried a 
heavy current. This made the tip hotter than when there were no 
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commutating poles, and hence the expansion took place, the bad 
contact at the tip caused the brown appearance and made the 
commutation irregular. When, however, the field was increased, the 
current density at the brush tip was reduced and the tip ran cooler. 

In experiment 5, when the tip was cooled by the extra metal, it was 
also kept in contact with the commutator and the brown band was 
polished off. 

The observation that the negative brush was more highly polished 
than the positive may be considered in conjunction with another 
observation, i.e., that the brushes after being freshly ground up would 
not take a good polish until current flowed through them. This was 
due to the warming effect of the current. Hence the degree of polish 
depends upon the temperature of the brush surface, and since the 
polish on the negative brush was better than that on the positive, it 
follows that the negative brush is hotter than the positive. The highly 
polished surface will make better contact, and hence the contact 
resistance of such a surface will be lower. Thus it is that the 
resistance of the negative brush is lower than that of the positive and 
the natural period is greater. 

When the polarity of the brushes was reversed, the negative brush 
required a long time before the polished surface was worn away, and 
the positive brush required some time to. acquire the polish of the 
negative, although the latter time was much shorter than the former. 
The gradual change in the oscillations due to the two brushes when 
the polarity was reversed could be easily watched in the revolving 
mirror of the oscillograph. Thus the phenomenon noted at the end of 
Section III. is explained. 

The difference in temperature between the two brushes is 
accentuated by the manner of commutation, but if the difference 
in temperature is the cause of the difference in commutation, the 
former phenomenon must be due to a cause entirely outside the 
phenomena of commutation. 

In order to ascertain this the following experiment was carried out : 
A carbon brush of the same material and shape as was used in the 
other experiments was placed on a thick piece of brass, and bedded 
` down on to it by several thicknesses of copper foil. A slit was cut in 
the brass and foil, and a thermocouple was introduced into it so as to 
touch the carbon surface. The couple was composed of copper and 
constantan, separated from each other up to the joint by a thin strip of 
mica, and laid between two sheets of asbestos. The other element in 
the thermocouple was placed in a vessel of water in which a mercury 
thermometer was placed. The whole apparatus was carefully screened 
from draughts. 

Current was passed through the apparatus from carbon to copper, 
and also from copper to carbon. In the former case the carbon 
corresponded to a negative dynamo brush, and in the latter to a positive 
dynamo brush. 

Readings were Tn for a series of currents in both directions. 
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For each polarity the temperature was read when the current was 
reversed after reading for the opposite polarity, and also after being 
switched on when the apparatus was cold. The apparatus required 
three or four hours to obtain a steady temperature. Thus for a positive 
polarity the reading was taken after the brush had cooled from being 
negative, and also after heating up direct from cold. The readings 


14 Current 


FIG. 27. 


S 8 S R 3 2 l & 8 а © 
‘9 вәәл9әр ш әс eunqeueduo р 


obtained were within 1 or 2 per cent. of each other and the mean 
was taken. The readings obtained are shown in the curves Fig. 27, 
in which the temperature rise is plotted against the current flowing. 
From these curves it will be seen that the difference in temperature is 
increased as the temperature rises. 

The temperature of the actual commutator brush was also measured 
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when the machine was running. The brush normally negative was 
fitted with a thermocouple on the forward tip as near to the contact 
surface as possible. The couple was in contact with the carbon and 
covered by a thick layer of asbestos, the whole being clipped on by a 
copper clip. The rise of temperature obtained when the brush was 
negative was 19'4?C. ; the polarity was then reversed, and the tempera- 
ture gradually dropped until a rise of 15°2°C. was obtained. The 
temperatures measured are, of course, less than the actual temperatures 
of the contact surface owing to the low heat conductivity of the carbon 
brush. The divided brush was afterwards put into position, and the 
temperature rise of the forward tip measured in the same way and 
found to be 14:8  C., which is slightly less than that obtained when the 
full surface positive brush was in position. This shows the possibility 
of reducing the temperature by improving the current distribution, 
although in doing so the actual area of the brush may be reduced. 

The explanation of this phenomenon lies somewhat outside the 
domain of electrical engineering, and the author had no opportunities 
of extending the experiments in this direction, but it is evident that 
this physical fact is the basis for the whole of the phenomena associated 
with the polarity of the brush. 

Evidence of the expansion of the brush contact surface was also 
observed by Dr. Fraenckel and Mr. Lane* in connection with some 
experiments on an alternating-current commutating motor, in which 
he also adopted the author's brush-holder and cooling device. The 
photograph in Fig. 28 shows the brush surface with a small current 
density, and Fig. 29 with a much higher value. In the first case the 
tips were maintained cool, but the inner portion of the surface ex- 
panded and made bad contact with the commutator, with the result 
that the carbon was burned and a brown band formed.. In the second 
case the cooling was not sufficient, and the tip expanded and made 
bad contact with the commutator. In these experiments, as in those 
of the author, the cooler formed an excellent anti-sparking device. 

It has already been pointed out that the temperature of the brush- 
tip is probably not quite constant, but is cooled on first coming into 
contact with a cool segment and then gradually heated up as the 
segment passes under the brush. This would cause a periodic variation 
of contact resistance, and if the heating of the tip were sufficient, the 
tip would actually break connection with the segment and strike an 
arc through which the current would flow. The potential difference 
between the brush and the segment would perhaps not be high enough 
to maintain an arc of any appreciable length, but the potential difference 
required to maintain an arc between two plates a very short distance 
apart is only a few volts, and since in the case of the brush the gap 
would be of a very small order of magnitude the possibility of such an 
arc is quite feasible. The burning action of the arc produces the 
brown band on the brush surface and a deposit of the same width on 
the commutator segment. If the band and deposit had been due to 


* Electrician, vol. 65, pp. 231, 269, 325, and 364, 1910. 
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sparks at break, the band would have been confined to a very narrow 
strip at the tip of the brush, for a spark cannot take place until the end 
of the short-circuit period is reached. 

The importance of keeping the front tip cool cannot be over- 
estimated, for in it lies to a very great extent the secret of successful 
commutation. The overload capacity of a machine can be very 
greatly increased if the brush-tip be kept cool. The metal case in 
which the brush is usually fitted is not sufficient unless the case 
almost touches the commutator, and is in very good contact with 
the carbon. 

Since carbon is a very bad heat conductor, any artificial method 
of cooling must necessarily be deficient, and the best way to avoid 
a hot tip is to increase the rate of commutation during the early stages 
of short circuit. This can be effected by the proper distribution of 
resistance as already shown, or by a commutating E.M.F. The former 
method, however, has the advantage of greatly increased stability 
of the brush. When the tip lifts to any considerable extent, as 
was the case when no cooler was employed, the brush is exceedingly 
unstable and vibrates considerably. If the brush be high as in an 
ordinary plunger-holder, or attached toa rigid arm, as in a finger- 
holder, the vibration may be considerably multiplied. 


PART II.—MAGNETIC OSCILLATIONS OCCURRING IN THE 
=- MACHINE PARTS. 


SECTION I.—MAGNETIC OSCILLATIONS IN THE MAIN POLES. 


Fig. 30 gives the E.M.F. waves recorded in coils 1 P to 4 P on the 
pole-tips. The shape was not found to vary with varying conditions 
of running, and hence the oscillations may be assumed to be entirely 
due to the teeth. Table I. (page 515) gives the values of the oscillating 
flux expressed as a percentage of the maximum flux entering the coil. 

The flux entering the coil was ballistically measured for various 
positions of the armature teeth relative to the coil, and was found 
to Бе :— 


Coil. Minimum Flux. Maximum Flux. 

ІР I'IS X 105 1'430 X 105 per turn 
2P 3°40 3°620 

3 P 317 33890 


4P I'25 1'305 
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Time 
— Load Load 
Open circuit - no com. poles with com. poles ` 
0-036 V. Р 0-048 v. v. 
Coil 1 Coil 1 
017 У. 022. 0-2 у. 
Coil 2 Coil 2 
014v. отуу. 016%, 
Coil 5 | Coil 3 
0-027 v. 0-024% 0-025۷. 
Coil 4 Coil 4 
Fic. 30.—Марпейс Oscillations in Pole-tips. 
Time 
»——— > 
er Load, Load 
Open circuit no com. poles with com. poles 
согу. __ 0-02 V. 0:02, У. 
Coil 5 
O-OI v. O-OI У. O-OI v. 


Coil 7 
О:ОІ V. б à . 

an cet E рете ааа а лыла алы ea ce) 
Coil 8 


Fic. 31.—Magnetic Oscillations in Pole-shoe Limbs and Yoke. 


1910.] IN DIRECT-CURRENT MACHINES. 515 


The load increases the magnitude of the oscillations, especially in 
the trailing tips. 

The presence of the commutating poles increases the oscillations in 
coils 2 and 3, but has practically no effect on those occurring in coils 
т апа 4. This is probably due to the flux from the commutating poles. 
The “back pressure” of the commutating pole flux deflects the arma- 
ture reaction flux more into the trailing tip of the main pole, while the 
commutating pole flux is in turn deflected into the leading tip. The 
extreme tips being already saturated are not influenced by this action. 

As will be seen from Fig. 31, the coils 6 P, 7 P, and 8 P, each of 
бо turns, showed but very slight oscillations on open circuit. This 
shows that only the flux generated by the outer layers near the pole- 
shoe is influenced by the teeth, and this flux crosses to the armature 
by way of the pole-tips. On load the oscillations in these coils were 


TABLE I. 


Flux Oscillations in Main Pole-lifs. 


Percentage Flux. 


Coil, 
оред, болшш Polen оаа сое 
IP Trailing tip... 1'40 2:17 2'IO 
2P » e 2°54 3°55 4°35 
3P Leading tip ... 2°IO 3°00 3°28 
4P j ee 0'97 I'24 1'25 


considerably increased by the presence of the commutation oscillations. 
Coil 7 P, however, showed a greater increase than coil 6 P. This was 
due to the path taken by the oscillations, 7.e., through the tips and the 
outer layers of the exciting coil and then back through air, the major 
portion thus avoiding the solid limbs and yoke. It will be remembered 
that the coil 6 P was directly on the iron, while coil 7 P was over the 
exciting coil (Fig. т). 

The actual magnitude of these oscillations on load depends upon 
the nature of commutation and the position of the brushes relative to 
the teeth, as has already been explained. — . 

Table II. gives the values of the oscillating flux in coil 5 P under 
various conditions expressed as a percentage of the flux when the 
machine is stationary. The flux in coil 5 P, when the machine was 
stationary, was measured ballistically and found to be 2°68 x 10° 
lines, 
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The flux oscillation is considerably increased by load, and is prac- 
tically uninfluenced by the presence of commutating poles. This 
shows that although the magnitude of the peak is considerably 


TABLE II. 


Flux Oscillations in Main Pole-shoe.—Coil 5 P. 
Per Cent. Flux. 


Open circuit . 8 os Sis O'OIS 
Full load without оар poles sss ae 0'022 
Full load with commutating poles € - 0°022 


reduced by the commutating poles, the actual value of the flux change 
is unaltered. This is due to the fact that whatever be the nature of 
commutation, the total current change remains unaltered. 


SECTION II.—MaGNETIC OSCILLATIONS IN THE ARMATURE. 


Fig. 32 shows the flux entering the coils 2 A and 3 A for different 
positions of the armature when the latter is stationary. The flux 
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FIG. 32.—Distribution of Magnetic Field round Armature. 


entering coil 3 A at the tooth-tip is less than that entering coil 2 A at the 
middle of the tooth. This is due to some of the flux entering the slot 
and passing into the tooth lower down than the tip. 

The E.M.F. waves recorded in the various coils on the armature 
under various conditions of running are given in Figs. 33, 34, 35, 
and 36. 

The high E.M.F. induced in the search coils when under the main 
poles necessitates a somewhat small scale, and the part of the wave 
generated in the commutating zone is therefore difficult to read. This 
was obviated by using the slip-ring shown in Fig. 37. The ring was 
made of wood with two conducting pieces A and B diametrically 
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FIG. 35.— Coil I A. 
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FiG. 34.—Coil 2 A. 
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FIG. 35.— Coil 3 A. 
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Fic. 36.—Coil 4А. 
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opposite to each other. These conducting pieces were connected 
together and to one end of the search coil, and the ring was set on the 
shaft in such a position that the circuit was closed.only when the search 
coil was in the neutral zone. In this way the records in Fig. 38 were 
taken. 

The commutation oscillations are very marked in all the records, 
and the difference in magnitude between alternate peaks due to the 
positive and negative brushes respectively is clearly seen. No oscilla- 
tions were induced in any of the search coils in the commutating zone 
on open circuit. 

The E.M.F. peaks induced in coil I A gradually increase as it 
approaches the commutating zone, and diminish again as it leaves it. 
When the coil is actually in the commutating zone, it links one-half the 


TABLE III. 
E.M.F, Peaks induced per Turn in Coil 1 A in the Commutating Zone. 


Full Load without Full Load with 
Commutating Poles. Commutating Poles. 
0'038 volt. -— 
0'077 › 0'063 volt. 
| 0'072 , 0'127 رر‎ 
Direction of rota- 0'230 » 0143 , 
tion of coil 
| 0'097 » 0'063 » 
O'IOO » Nass: 
O'O5O ,, = 
| 0'038 , — 


total flux induced by the current in the short-circuited coil, except that 
portion that crosses the slot below the tip; the E.M.F. peak at this 
instant is therefore nearly equal to the self-induction or “reactance " 
E.M.F. per conductor of the short-circuited coil, while the other peaks 
give the magnitude of the E.M.F.'s induced in the adjacent coils. 
These values are given in Table III. 

The records for the coils 2 A and 3 A consist of four principal 
peaks, two successive ones in one direction and two in the opposite 
direction. The first two are produced by the commutation of the top 
and bottom coils in the slot ahead of the tooth by the positive and 
negative brushes respectively, and the second two are due to the 
commutation of the coils in the slot immediately to the rear of the 
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tooth. Here again the difference in magnitude between the oscillations. 
due to the positive and negative brushes will be noticed. 

The remaining peaks are due to the stray flux from the short- 
circuited coils entering the neighbouring teeth. 

The difference between the records obtained for coils 2 A апаз A 
shows the amount of flux which crosses the slot between the middle 
and the tip of the tooth. The left portion of the record for coil 3 A 
when no commutating poles were employed shows a greater difference 
between the positive and negative peaks than the corresponding 
portion of the record for coil 2A. "This is due to the fact that the 
upper set of conductors in the slot commutated under the negative 
brush, and the lower set under the positive brush. Hence coil 3 A links 
all the negative but only a portion of the positive oscillation, while 
coil 2 A links the major portion of both oscillations. 

The right-hand portions of the same records show the opposite effect. 
For here the upper set of conductors commutate under the positive 


Fic. 37.—Contact Disc. 


brush, while the lower set commutate under the negative. Hence coil 
3 А links all the positive but only a portion of the negative oscillaticn, 
while coil 2 A links the major portion of both oscillations. 


SUMMARY OF RESULTS AND CONCLUSIONS. 


The principal results obtained in this research may be briefly 
summarised as follows :— 

I. The natural period of the short-circuited coil may be varied by 
varying its contact resistance, or by properly disposing the resistance 
over the brush surface (Sections IV. and V.). 

2. Sparking depends upon the relation of the natural period to the 
available period (Sections I. and VI.). 

3. The maximum rate of change of the current during commutation 
may be reduced by reducing the natural period, and at the same time 
the overload capacity of the machine as regards sparking will be 
improved (Section V.). 

4. The maximum rate of change may also be reduced by accelera- 
ting the commutation during the early portion of the short-circuit 
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period by means of a commutating E.M.F., and this has the. same 
effect as reducing the natural period of the coil (Section VII.). 

.5. The ampere-turns necessary on the commutating poles may be 
reduced if the flash across the slot be used to generate the commuta- 
ting E.M.F. The E.M.F. generated in such a manner possesses 
approximately the correct wave shape, and the magnetic oscillations 


Load, rio com. poles Coil 1A Load ; with com. poles 
ari LLLA 
НЕ | WW 
0-25 volt i 0-3 volt 
Time 
و س‎ 


AA p s p 


Coil 3A 
о: 0:017 volt | volt 
| 
| 
| 
| 


O-I5 volt Coil 4A 


Fic. 38.—Enlargement of Neutral Zone Portion of Armature Search 
Coil Records. 


0-13 volt 


in the armature teeth during commutation are thereby reduced 
(Section VIII.). 
6. If only one commutating pole be fitted, the ampere-turns neces- 
sary are less than when two are in use (Section VIII.). | 
7. The commutating pole flux fulfils two functions : (1) to generate 
the commutating E.M.F., and (2) to oppose or press back the armature 
reaction flux (Section VII.). 


Dr. kloss. 
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8. The negative brush is hotter than the positive ; the higher tem- 
perature causes the negative to take a higher polish than the positive, 
thereby reducing its contact resistance. The lower contact resistance 
increases the natural period, and renders the negative brush. more 
liable to sparking than the positive (Section IX.). 

9. The higher temperature of the negative brush causes it to 
expand more than the positive. The forward tip is generally the 
hottest part of the brush surface because it is shielded from draughts. 
The forward tip is alternately heated and cooled as the segments 
pass under it, and vibrates with the frequency of the segments. This 
vibration renders the brush unstable and the commutation irregular 
(Section IX.). 

Io. The forward tip may be cooled, the vibration avoided, the com- 
mutation made regular, and the sparking limit raised by a piece of 
metal in good contact with the brush at the forward tip and provided 
with a relatively large radiating surface (Section IX.). 

` II. The results in то may also be obtained by preventing the rush of 
current at the end of commutation, either by reducing the natural 
period of the coil or by accelerating the commutation during the early 
stages by means of a commutating E.M.F. (Section IX.). 

I2. The vibration of the forward tip of the brush causes a minute 
arc to be periodically set up between the carbon and the commutator, 
which causes a brown band to form on the brush and a deposit on the 
commutator (Section IX.). 

This research was carried out at the Technische Hochschule at 
Karlsruhe, Baden, during the tenure of the Vulcan Fellowship in 
Engineering, established by the Vulcan Boiler and General Insurance 
Company, Ltd., at the Victoria University of Manchester. 

The author desires to express his indebtedness to Professor Arnold, 
of Karlsruhe, for the facilities placed at his disposal, and for his 
kindly interest in the work. 


DISCUSSION. 


Dr. M. KLoss: I notice that in the oscillograms there is always 
a combination of two different kinds of oscillations, one due to the 
movement of the armature teeth in the magnet field, the other due to 
the commutation of the current in the coils. Ithink it would be an 
advantage to be able to get rid of the first of these oscillations, and this 
might be done as follows: If a 4-pole lap-wound machine be taken 
and run with two brushes only in use, then the oscillations induced in a 
search coil on one of the poles opposite the brushes would contain 
both sets of oscillations, while that induced in a coil on one of the 
other poles would contain oscillations due to the movement of the 
armature teeth only. By connecting these coils suitably it should be 
possible to annul the one set of oscillations and leave only the oscilla- 
tions due to the commutation currents. Ido not know whether such a 
method would be possible, but I would suggest it for Mr. Worrall's 
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consideration. There is another point in connection with the research. 
Mr. Worrall has used a brush whose width is equal to one segment plus 
insulation only. Now in practice the brushes used cover more than 
one segment, and I would like to ask whether the author could give any 
information as to what happens in this case. Mr. Worrall has in his 


theory of commutation assumed that the specific resistance per square 


centimetre of surface of the brush is a constant, whereas actually this 
is not the case, and I would like to know how Mr. Worrall’s results 
would be modified by this fact. I would like to endorse the remarks 
about the possibility of improving the performance of a machine by 
decreasing the contact area of the brushes and increasing the current 
density. I haveknown specifications which have stated that the current 
density in the brushes must not exceed a certain figure, and which left 
the designer of the machine with the alternatives of either supplying a 
poor machine in accordance with the specification, or a good one in 
which the specification was departed from. I think that in preparing 
their specifications consulting engineers should leave points like this to 
the discretion of the designer. I would like also to draw attention to 
the importance of keeping down the temperature of the commutator, 
both from the point of view of commutation as shown in Fig. I4 А in the 
paper, and also in order to prevent mechanical trouble due to expansion 
and contraction of the commutator bars, especially in the case of turbo- 
generators, This could be done by making the segments hollow and 
arranging for the passage of air through them, as is done in the 
Siemens ventilated high-speed commutator which has given such great 
satisfaction. | 

Mr. T. F. WALL: Referring to Fig. 31 of the paper, large oscilla- 
tions were obtained in coil 5, whereas in coil 8 there were practically 
none. Ithinkthat this probably means that they have been damped 
out by the field winding, and that if the oscillograph had been con- 
nected across the terminals of the field coil similar results might have 
been obtained as were obtained from coil 5. Another suggestion I 
would like to make is that the damping action of the field coils may, 
possibly, materially decrease the inductance of the short-circuited coils, 
and thereby improve the commutation of the machine. I would like 
to point out that the pulsating flux due to commutation traverses the 
main axis of the coil and thereby induces in the armature winding an 
E.M.F. due to rotation, which is in phase with the flux, and therefore 
with the current producing that flux. If, therefore, records were taken 
of the E.M.F. induced between the main brushes, the variations of the 
commutation current might be examined and compared with the 
records obtained by means of coil 5, which latter show the rate of 
change of the commutation current. А great deal of discussion has 
occurred lately as to what really happens in a coil undergoing com- 
mutation. It seems to me that, taking a conductor approaching the 
commutation zone, the lines of force are crowded together behind it 
and spread out in front. As it passes through the region of com- 
mutation, this distribution is changed so that the conductor finally 
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leaves with the flux crowded up in front and spread out behind. As 
the conductor moves along, the lines follow but do not cut it, so that 
the actual field in which the coil is moving might quite well be zero. 
Dr. E. ARNOLD (communicated) : The influence of magnetic oscilla- 
tions on the commutation of direct-current machines is often under- 
estimated. Mr. Worrall's elaborate experiments, which he carried out 
with great ability and perseverance, are therefore of great interest. 
With reference to the first part of the paper (Section т), according to 
my opinion, a commutating field is always necessary in order to com- 
pensate the self-induction. Commutation cannot take place in a neutral 
zone, because the self-induction of the end connections can only Бе 
compensated by a field, to which a coil side is subject. The different 
fields do not coincide, and consequently they do not combine to a 
resultant field. Iagree with the author's remarks about the effect of 
a brush, the resistance of which increases from the rear tip to the 
forward tip, but such an increase of resistance occurs also, automati» 
cally, with brushes of rectangular section. Experiments have shown 
that the current density in such parts of a brush that spark is very 
small, and the tension high, thus the contact resistance is very high. 
Because of very small, almost invisible, sparks at the forward tip the 
contact resistance per square millimetre of brush surface on this tip 
may increase to fifty times that at the rear tip, or even more. Bad 
contact, as a result of sparking, is the cause of this phenomenon. "The 
specific resistance varies automatically between wide limits, preventing 
too large an increase of the short-circuit current. As long as the spark- 
ing is not excessive, the current density is always small. Sparking with 
a high current-density is so violent that the commutator is damaged 


very rapidly, and further service becomes impossible. For the above 


reasons an artificial disposition of the resistance over the contact sur- 
face (as in Fig. 8) will not be as successful as one would expect 
from a theory based on a constant value of the specific resistance. 
What the author calls the natural period of commutation, which must 
be smaller than the “ available period,” is not sufficiently well defined. 
The natural period depends upon the commutating E.M.F.'s, and is 
consequently a quantity which can be varied with one and the same 
armature. According to theory* one condition for sparkless com- 
mutation is :—-. 

sp XT 

axL 


>т, 


where sr =the specific resistance of the brush at the forward tip ; 

Т = duration of short circuit of coil in seconds; a= total surface 

of brush; L = coefficient of apparent self-induction of coil Let 

ең 
$ 


be the duration of a natural period. The condition for 


T 
sparkless commutation is then T, >T,, where T, =the duration of 
the available period, For small values of Т, (high-speed machines) 


* E. Arnold, Die Gleichstrommaschine, vol. i. pp. 405-510. 
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this condition can only be fulfilled by the introduction of a commuta- 
ting E.M.F., which compensates part of the self-induction. Mr. Worrall's 
remarks about the construction of brush-holders and the cooling of 
brushes are very interesting and important. His experience materially 
facilitates the design of. a good brush-holder. 

Results of elaborate experiments on commutation have been pub- 
lished by E. Arnold and F. Jordan in Arbeiten aus dem Elektrotechnischen 
Institut der Technischen Hochschule zu Karlsruhe, 1908-1909, published 
by J. Springer, Berlin. This paper deals with the influence of the 
current density, the inconstancy of the specific resistance of the 
brushes, the actual duration of the commutation, the losses under 
the brushes, the reaction of the short-circuit current on the main field, 
and with field pulsations. The inconstancy of the magnetic field is 
partly due to fulsations—i.e., alterations in the intensity of the field— 
and partly to oscillations—i.e., to a movement of the field alternately 
with and against the direction of rotation of the armature. The oscil- 
lations are caused by the armature teeth passing the poles, and are 
described as “flash” and “drag” in a previous paper by Mr. Worrall. 
Equi-potential connections damp the pulsations of the field effectively 
but not the oscillations, because the plane of the induced equi-potential 
loop coincides with the direction of the field. Solid pole-shoes, or, 
better still, short-circuited windings in the pole-shoes (amortisseurs) 
damp the oscillations. Such oscillations particularly affect the com- 
mutation of machines with a large flux per pole. For such machines 
solid pole-shoes and a long air-gap are thus to be perferred to laminated 
pole-shoes and a short air-gap. It appears that the kind of magnetic 
oscillations and pulsations and also their magnitude depend upon 
individual features of the machines. They may be very different for 
two machines of the same design and with the same dimensions. 
Sometimes a kind of resonance takes place, i.e., the oscillations from 
various causes strengthen one another ; in other cases they may oppose 
one another. To show the detrimental effect of these pulsations and 
oscillations of the field, I will mention two cases which came to my 
notice. The first case relates to a 4-pole direct-current motor of 
тоо H.P., 220 volts, 1,000 revs. per minute, with 55 slots of 11:5 X 34 mm., 
б conductors per slot, and 165 commutator bars. Air-gap, б mm. The 


Dr. Arnold. 


armature is parallel wound without equi-potential connections. The 


motor has four brush arms, each with five brushes of 19 X 45 mm. 
With 200 amperes the motor began to spark violently, and vibrated in 
consequence of heavy field pulsations. The automatic cut-out discon- 
nected the motor because of a sudden increase of the current ; the 
motor was thus entirely useless. | Commutator bars 1-84, 20-103, 
43-126, and 63-146 were then connected by four equi-potential con- 
nections. The number of commutator bars being odd, only four 
connections were made on account of lack of symmetry. The result 
was surprising. The motor was put on load and overload, but no 
sparking or other detrimental phenomena occurred. The second case 
relates to a direct-current generator of 550 k.w., 2,400 amperes, 230 volts, 
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Оо revs. per minute, 20 poles ; flux per pole, 9:45 X 10° ; slot dimensions, 
10'5 X 50 mm. ; аіг-бар, 6 mm. In this machine sparks jump acrossthe | 
insulation of 0:8 mm. between adjacent commutator bars, on which 
no brushes rested. It proved to be impossible to cure this trouble even 
after long runs. The pressure between two commutator bars, calculated 
in the ordinary way, was only 9 volts. Other causes must thus increase 
this pressure momentarily in order to render the phenomenon possible. 
The machine is now provided with equi-potential connections (140 
commutator bars are connected to 14 equi-potential connections), but 
has laminated pole-shoes. Thus the field pulsations are damped ; and 
since most probably the phenomenon was due to field oscillations, an 
effective damping arrangement would suppress the sparks. 

Professor E. W. MARCHANT (communicated) : Mr. Worrall is to be 
congratulated upon having devised a brush-holder which will give 
consistent results for the surface resistance of brushes. Any one 
who has tried to make tests of this kind must have realised how 
difficult it is to get results which agree with one another, and this is 
shown very well by Fig. 9. The design of this brush-holder is, 
I think, one of the most interesting points in his paper. With 
reference to the contact-maker described on page 484, Mr. Duddell 
and I did a great deal of work with contact-makers about twelve 
years ago, and we found that the most satisfactory form was one in 
which two pieces of watch-spring clamped to a piece of ebonite 
supported on the end of the frame of the machine were short-circuited. 
by a copper piece attached to the rotor. The springs projected 
radially inwards, and were about an inch long, soldered into brass 
rods supported in a block of ebonite. This contact-maker is exceed- 
ingly simple, and gave excellent results. The emphasis which Mr. 
Worrall lays on the difference between commutation at a positive 
and at a negative brush is of great importance ; the results he gives. 
for the Le Carbone Z brush are considerably modified by current 
density and by the type of brush. In some tests made in the Electrical 
Engineering Laboratories of the University of Liverpool by Messrs. 
Cottle and Rutherford it was found that the ratio of drop in positive 
brush to drop in negative brush varied within wide limits for different 
current densities, being greater than r, equal to r, or less than 1, 
according to the current used. These results will, I hope, be pub- 
lished shortly, so that I will not refer to them at greater length here. 
The arrangement described by Mr. Worrall on page 510 is not very 
clear ; he says, * The carbon brush was placed on a thick piece of 
brass and bedded down on it by several thicknesses of copper foil." 
Does this mean that the copper foil came between the brush and 
the brass? 

The greater sensitiveness of negative brushes to variation in tem- 
perature, current density, etc., has, I think, been frequently noticed, 
but Mr. Worrall's method of getting rid of chattering is most ingenious. 
It seems almost incredible that changes in temperature of the brush 
could be sufficiently rapid to cause chattering, and I should like to 
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ask Mr. Worrall whether he is quite certain that the result obtained 
was not due to a mechanical effect caused by the addition of the 
copper and copper foil to the brush. The copper foil was insulated 
from the carbon by mica, and this material, of course, besides being 
a bad conductor of electricity, is also a bad conductor of heat. The 
effect obtained is most remarkable, and the results should prove of 
great interest to those of us who are troubled with chattering brushes. 

The phenomenon Mr. Worrall set out to investigate is one of the 
most complex in the whole region of electrical engineering, and the 
results he has recorded should prove of great value. They have 
succeeded in throwing new light on a problem which even now is 
obscure and difficult. 

Professor D. ROBERTSON (communicated) : Mr. Worrall's paper draws 
attention to some most interesting phenomena in connection with 
commutation, particularly the different behaviour of the positive and 
negative brushes, and the mechanical vibrations due to local heating. 
I think, however, that Mr. Worrall has made the theory of commuta- 
tion appear needlessly obscure. The following is the method of 
putting it which I have adopted for years, and it seems to be much 
more simple than that given in the paper. 

During the time that a coil is short-circuited by the brush, the 
current in it has to die away and a new one to grow in the opposite 
way. If it has exactly the proper value at the instant the short- 
circuit ceases, the current in the segment leaving the brush will be 
zero, and there will be no spark on breaking contact. If it has not 
reached that value, or if it has grown too large, there will be a cur- 
rent in the old segment, which, since the current in the coil refuses 
to change instantly, continues to flow ina spark after the brush has left 
the segment. This is the spark that does most of the damage, and 
is the only spark possible if the brushes are making perfect contact. 
The condition for the avoidance of this spark is the simple one that 
there shall be no current in the old segment at the instant it leaves 
the brush, and it does not greatly matter how the current has changed 
during the shortcircuit so long as this final condition is satisfied. Апу 
other sparks at the brushes can only be caused by faulty contact 
between the brush and segments due to bad surfaces, or to mechani- 
.cal vibration caused by unsuitable brush-gear, or by the thermal 
effects referred to by the author. The sparking at the rear tip 
mentioned at the bottom of page 491 must be due to these causes: 
sparking takes place at the forward (breaking) tip whether the com- 
mutating E.M.F. is too small or too great. The inductance of the 
coil opposes the change of the current and is the prime cause of the 
trouble. The mutual inductance between adjacent coils simultaneously 
undergoing commutation is also a good second, particularly when they 
are in the same phase at the same instant. The resistance of the coil itself 
and of the lugs helps to kill the old current, but also hinders the growth 
of the new, and so does not produce much direct effect on the commu- 
tation of continuous-current machines. It is, however, useful, and even 
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Profesor necessary, in alternating-current machines as it reduces the short-circuit 
Robertson. current caused by the transformer E.M.F. In all cases it reduces the 
effectiveness of the brush contact resistances by diminishing their 
ratio to the total, and to that extent it is harmful. Brush contact 
resistance promotes the change of current because it is gradually shifted 
from the new segment to the old one. If its effect were so large as to 
make all the other negligible, the current entering each segment would 
always be proportional to the area of contact onthat segment (assuming 
uniform. contact resistance) and the commutation would be a straight 
line or a series of straight lines according to the width of the brushes. 
This distribution of the current, which may be termed the natural one, 
gives smaller contact losses than any other. Actually the inductance 
E.M.F.'s are not negligible, and the current departs from this distri- 
bution and the losses are increased. To counteract the inductance 
E.M.F. a motion E.M.F. is induced in the short circuit by giving the 
brushes a lead in the right way, by adding commutating poles, or by 
putting special coils between the segments and main winding (Sayers). 
Commutating poles are the most effective, because they can be excited 
in series with the armature and their effect made proportional to the 
work to be done. Many problems could be much simplified if we could 
get away from some of the conventions of our predecessors, such as the 
addition of fluxes instead of the excitations producing them. The 
author's explanation of the action of the commutating poles (page 505) 
gives an example. The commutating pole reduces the resistance in 
the path of the armature cross-flux, and would therefore increase that 
flux if the commutating poles were not excited. But the excitation 
required to balance the armature reaction is not affected by that fact, 
and would be exactly the same whether the commutating pole were 
made of iron or of wood. The commutating pole coil must have suffi- 
cient additional excitation to magnetise it and the air-gap and teeth to 
the degree necessary to induce the required commutating E.M.F., and 
this additional excitation is, of course, very much smaller with an iron 
core. The “relative movement” idea of statement т on page 492 (see 
also page 486), is a rather dubious one, as the two induced E.M.F.'s are 
of quite different natures. The commutating flux is approximately fixed 
in space and acts only on the sides of the coil which cut it by their 
motion. Theinductance flux is linked with the whole coil, moves with 
it, and changes in amount when the current changes. It then acts on 
the ends as well as on the sides. The one E.M.F. is due to change of 
position and the other to change of current. The inductance E.M.F. 
corresponds to the storing of energy in, or the taking of energy from, 
the magnetic strain of the surrounding medium, and this energy moves 
through space with the coil. The motion E.M.F. corresponds to the 
taking in or giving out of mechanical energy by the current. During 
the first, or decay, portion of the short circuit the current is, or at least 
ought to be, taking back this stored energy and giving out mechanical 
energy ; the short-circuited conductors have forces acting on them in 
the way of the motion and are therefore motoring. During the second 
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part, while the reverse current is growing, the current is re-storing the 
energy in the medium while it receives mechanical energy. The forces 
now act against the.motion and the conductors are generating. If the 
compensation were absolutely perfect, the rate of receiving energy of 
one kind at any instant would be the same as the rate of giving out the 
other kind, and none (neglecting the resistance losses meantime) would 
have to be handed over to or received from the rest of the circuit. Such 
perfect compensation is neither attainable nor necessary. It is suffi- 
cient if the current has not to give out or take in an appreciable amount 
of energy just as the segment is leaving the brush. The mathematical 
theory on page 488 and the brush shape deduced from it are not of much 
real value, for the conditions assumed are not those usually found in 
practice, and several important factors have been left out of account 
altogether. It i$ seldom that the brushes are as narrow as one segment 
width. The mutual inductance of the neighbouring coils being com- 
mutated at the same time, even when the phase of commutation is not 
the same for both, is only a little less important than the self-inductance 
of the coil itself, and the resistance of the coil and lugs is not usually 
quite negligible. 

The author's *natural period" is a rather indefinite sort of thing. 
With inductance only, the current would never commutate of itself ; 
while with a brush contact resistance only it would always do so 
exactly in the available period ; with commutating poles it is rather a 
certain displacement across the poles that is necessary to produce 
exact commutation than a certain timc. What, then, is the “natural 
period," and how is it measured so as to enable the various statements 
that are made about it in the paper to be justified? Even the “time 
constant " of the circuit (inductance — resistance) has hardly a definite 
meaning here owing to the change both of the inductance and of the 
resistance of the short circuit as commutation proceeds. It is doubtful, 
however, whether they give much information as to the process of 
commutation itself, beyond indicating the maximum rate of change of 
current, and even that is marred somewhat by tooth ripples. The 
usual way of applying the oscillograph to show the armature current 
by splitting a coil and adding the oscillograph shunt though slip-rings 
is of little use, as the behaviour of the current must then be very 
different from that under normal conditions. In 1903 I devised a 
method of making the armature coil itself act as the shunt, by which 
means the phenomena may be studied without changing the conditions 
of the armature coil by more than 1 or 2 per cent. I had the attach- 
ment put in a machine which was at the time at the makers for 
alteration, but owing to the lack of an oscillograph then, and the 
unfortunate fire at the Merchant Venturers' Technical College, Bristol, 
just before the oscillograph arrived, the intended research was sus- 
pended for a time and is now only in its preliminary stages. The 
principle used is exactly the same as has since been applied by 
Campbell to the design of non-inductive shunts. The method has been 
used with the tracing desk outfit, the only one at present available, 
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for class demonstrations during the past three sessions, with most 
instructing results. It has shown us that our brushes are too wide, and 
shows most interesting peaks when they are moved away from the 
best position. The effect of the mutual inductance is also marked. 
This machine has also a coil like the author's 1A, but wound in the 
bottom of the slot, which is a little deeper than the others. The 
curves it gives differ considerably from those on page 517: the tooth 
ripples are very pronounced, while the commutation splashes are both 
larger and more symmetrical. 

Dr. SiLvauus P. THOMPSON (communicated); Mr. Worrall's paper 
seems to me one of the most important contributions that have been 
made for some years to our knowledge of commutation. Не has with 
great success applied the method of the oscillograph to unravel the 
extremely complicated phenomena which occur at the commutator of 
every dynamo or motor ; and, if he leaves a good many points still to 
be investigated, we ought to be very grateful to him for having already 
unravelled so many of those complications. Dealing first with a 
practical point, let me praise the particular work on the irregularities 
of commutation which he traced to the surface irregularities of the 
commutator and the vibration of the brushes, leading him to the 
invention of a new type of brush and brush-holder, which will 
probably find a much wider application than in a mere experimental 
machine in the laboratory. Also his advice to plough out the lines of 
the mica insulation as they appear at the surface of the commutator is 
wholly good. I have for many years found this treatment to improve 
the commutation in doubtful cases. When I first looked at Mr. 
Worrall's paper it seemed to me that it was a pity that his chief work 
had been carried out on a machine in which, from its design, with an 
odd number of commutator segments, commutation did not occur 
simultaneously at the positive and negative brushes, and indeed in this 
respect the case chosen for the research is not representative of the 
majority of continuous-current generators. But on further reading it 
would seem that this feature had, for the purposes of the research, been 
of advantage, as it separated the effects due to commutation at the 
positive brush from those at the negative brush. This part of the 
research is very instructive. The results emphasise the analogy that 
exists between the processes going on in the contact resistances beneath 
a carbon brush and those going on in an arc lamp. In both cases there 
is found a resistance which decreases with the current density, and in 
both cases the resistance is greater for currents leaving carbon than for 
currents entering carbon. The passages relating to the shaping of the 
carbon brush to give greater resistance at the forward tip are both 
instructive and convincing. They justify the old practice of using carbon 
tips to copper brushes, or the use of combined sets of brushes, in 
which one carbon brush wasset in advance of the row of copper brushes. 
Equally important, it seems to me—and it should be of great practical 
value—is the suggestion to furnish tips of all carbon brushes with 
cooling appliances of metal. Altogether this is a noteworthy paper. 
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Mr. W. ARMISTEAD (communicated) : The paper has interested me 
very much ; the author has attacked the problem of commutation from 
a practical point of view, without encumbering the matter with 
theoretic details. To my mind the theoretic considerations of com- 
mutation are quite burdensome, and it is only by attacking the subject 
‚ practically that it is possible to come to any results which are likely to 
be of any use to the manufacturer. It appears to me that the machine 
on which the author carried out his experiments was very large for the 
output, the armature being то in. in diameter, and the iron 6 in. in 
length. When my firm were building 2-pole machines for such an 
output, we should not have used an armature more than 6 in. in 
diameter, with 44 in. length of iron ; then it would have 624 conductors. 
I believe it is only on conditions of very light loading that it is possible 
by means of over-excitation of the auxiliary pole to obtain a trans- 
ference of the sparking from the toe to the heel of the brush. The 
author makes an interesting remark with regard to the reduction of the 
area in contact between the brush and the commutator. He observes 
that there may be an actual reduction of temperature when the area is 
reduced. The experience of my firm bears this out, though so far as 
sparking is concerned, we have not found that dividing up the brush 
by means of a slot or slots parallel to the shaft has been of any use. 
Large brushes appear to be almost useless—no doubt, largely, owing to 
the bad conductivity of the carbon and the impossibility of radiating 
the heat. The contact between two surfaces such as the brush and the 
commutator cannot be made at more than three points for each 
brush, no maiter what size. 

I wonder if the author knows Мг. К. V. Marshall's brush and holder. 
Bearing these points in view, this design of brush-holder is only 1 in. 
long along the axis of the commutator. We have tried this arrange- 
ment in practice, and find that a larger current can be collected per 
brush with the smaller brushes without an increased rise in the tem- 
perature either of the commutator or of the brushes.; this small brush 
will collect practically the same amount of current as one four times 
the dimensions. Unfortunately, practical difficulties come in the way 
of its universal adoption. The experiments the author has made with 
regard to the differences between the positive and negative brushes 
with regard to collection are very instructive. We had often observed 
it, but had not traced it down as the author has done so clearly. The 
author speaks of the increased inductance in machines fitted with 
commutating poles. It always appears to me that this is very much 
exaggerated. To begin with, the commutating poles are for the most 
part solid, and the very high periodicity of the fluctuating currents 
which occur in their vicinity precludes the possibility of any serious 
conduction of lines of force through this path. I have not been able to 
test the matter experimentally as the author has done with an oscillo- 
graph, but have found that facing poles with sheet copper, and sur- 
rounding them with a stout band of the same material does not make 
the slightest difference so far as sparking is concerned. Of course, if 
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the commutating poles are not excited properly, there is bound to be a 
large amount of magnetic leakage when the armature is generating or 
receiving current owing to the displacement of the neutral magnetic 
zone on the armature relatively to the yoke. I should like to know if 
the author could tell us why it is that the contact resistance between the 
carbon and the copper of the commutator is reduced by an increase of 
temperature. 

Mr. C. C. HAWKINS (communicated) : The question of whether the 
self-induced E.M.F. in the case of satisfactory commutation exists, and 
is compensated for, or is rendered non-existent, resolves itself finally 
into the question of what is the actual physical field in which the short- 
circuited coil moves. Mr. Worrall's analysis, resting upon the com- 
ponent fields and planes normal to each other, does not at first sight 
seem to give clear guidance, owing to the great complexity of the 
actual practical case of the slotted armature. It appears to me that 
a resultant commutating field must always be present at least in such 
amount and density as to compensate for the inductance, self and 
mutual, of the end-connections; for the flux linked with the latter 
follows a path entirely different to that of flux entering or leaving the 
surface of the core. The remainder of the inductance of the short- 
circuited coils may be resolved into a certain amount due to lines 
crossing the air-gap, and a certain amount due to the bending of the 
final field within the slot and about its ‘neighbourhood. The former 
part is cancelled by opposing lines, so that it becomes non-existent in 
the resultant field. The latter part will call for some commutating flux 
sufficient to counterbalance the rate of change of bending of the actual 
lines so far as they cut the armature coils, the reason being that the 
M.M.F. of the commutating poles will never by itself straighten the 
distorted lines near the coils within the slots, so that the third part 
of the inductance cannot be strictly annulled but must be compensated 
for. Although the distinction between the material and the available 
period of commutation is up to a certain point useful and valid, yet it 
contains an element of indefiniteness which rather limits its usefulness. 
What is a sufficiently close approximation to the final value to warrant 
us in regarding the time in which it is reached as the natural period ? 
And if we are successful in obtaining a natural period appreciably less 
than the available, then the difficulty arises of keeping the current 
at the required value during the remainder of the available period. 
The above criticisms which suggest themselves on first reading Mr. 
Worrall's most interesting paper might, however, yield to a further 
study of it. The shape of brush toe recommended by the author may 
be compared with the serrated edges which Mr. Carter * recommends 
from an analogous point of view, viz., as valuable in unfavourable cases 
for keeping the current density at the last moment finite. 

Mr. F. J. MOFFETT (communicated) : I have been greatly interested 
in Mr. Worrall's paper, more especially in the section treating of the 
difference in behaviour of the positive and negative brushes. A case 

* Electrical World, vol. 55, p. 784, 1910. 
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of this sortrecently came under my notice. The machine was designed 
for an output of 1,000 amperes at a voltage of 80 and a speed of 700 
revs. per minute; it was provided with commutating poles. The 
brushes used consisted of a mixture of copper dust and carbon 
(Morganite Link 2/538), the current density being 85 amperes per 
square inch. When running at full load, the commutation at the 
positive brushes was very good, but trouble was experienced at the 
negative brushes. The wearing surface of the negative brushes 
not only showed the brown bands mentioned by the author, but the 
copper was removed, leaving the carbon alone. With an overload of 
20 per cent. or 1,200 amperes on the machine, the commutation at 
the positive brushes was still fairly good, but at the negative the 
sparking became so vigorous as to make it impossible to continue 
the run. The removal of the copper from the negative brushes was 
even more marked at the overload than at normal full load, and the 
brushes became extremely hot. In order to remedy this trouble it was 
decided to substitute soft carbon (Morganite Link 1/289) for the copper- 
carbon brushes on the negative poles, although these were, naturally, 


of high resistance. The effect of the change was remarkable ; not 


only was the commutation at normal load almost perfect, but even at 
1,200 amperes there was no serious fault to find, and the alteration was 
quite successful in permanently curing the trouble. 

From an examination of the copper-carbon brushes on the positive 
and negative poles respectively, there appeared to be some justification 
for the assumption that the copper was carried along by the current by 
a kind of electrolytic action, but it is possible that the temperature at 
the contact surface of the negative brush reached so high a value as to 
render the copper molten, in which state it was carried away by the 
commutator segments. In support of this explanation I may mention 
that in the space between 'the commutator segments there was a 
considerable amount of copper which did not appear to be derived 
from the commutator bars. 

Mr. Н. G. STEPHENS (communicated) : I should like to express my 
appreciation of this valuable paper, and would suggest that the experi- 
ments be carried out further. For instance, the case when only one 
coil is short-circuited is the simplest possible case and is comparatively 
rare in practice. Regarding equation (т) on page 488 it appears to me 
that this is incomplete even for the purely hypothetical case considered. 
If r represents the resistance of the one coil, I think the equation 
should be— 


m di TEF 
Ec-irtbut Tala — 11. 


It this is so, the shape of the ideal brush curve in Fig. 7 would 
apparently be altered. Further, I would point out that straight-line 
commutation is not always a desideratum, as in the case of high-speed 
machinery, e.g., turbo-generators ; accelerated commutation is some- 
times found to give better results. | 
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Professor F. G. BAILY (communicated): Both the methods of 
experiment described in this paper, and the results obtained, are of 
great interest, affording a deeper insight into that most complex 
problem, the phenomena of commutation. As the paper deals with a 
subject, considered from a different point of view, previously treated 
in my paper in the Fournal,* the result of the one may be considered 
in the light of the other. 

The author begins with a novel calculation of the best shape of a 
brush, and arrives at a result which I used to believe ought to be advan- 
tageous. In my hands, however, it did not produce any improvement, 
as measured by the sparking E.M.F. or potential difference between 
brush and segment at the moment of separation. I attributed this to the 
law of variation of the contact resistance between carbon and copper. 
As this continually diminishes as the current increases, ultimately vary- 
ing almost inversely as the current, restriction of area has much less 
influence on the total resistance than would at first sight appear prob- 
able. In consequence I do not think the mathematical formula, which 
assumes s, the contact resistance per unit area, to be constant, can be 
accepted seriously. I am aware that Professor Arnold has shown that 
for alternating currents s is nearly constant, and he has concluded that 
this value would apply to the rapidly changing condition under a 
dynamo brush. But, as I have shown in my paper (/oc. cit.), the current 
density at any one point in the.brush surface during commutation does 
not fluctuate much, and further, the product, current X resistance, 
hardly rises above 1°5 volts, however high the current density. 

A possible explanation of Mr. Worrall's experience, that a brush 
with the inside part cut away does improve matters, brings me to 
another point. He suggests that an important cause of sparking is a 
vibration set up by the momentary heating and expansion of points, 
causing a sudden rise and subsequent fall of the carbon. This is our 
old friend the Trevelyan rocker, and it seems to be a very instructive 
explanalion. It affords a reason for the sparking at the leading edge 
of the brush, which has always been a difficulty to me. That the few 
volts available could possibly strike an arc to the oncoming: segment is 
unthinkable. But directly contact is made, those available volts produce 
an enormous rush of current at points along the thin line of contact, which 
throws the brush into the air and draws an arc. Asthe brush advances 
along the segment things become quieter, and no further rocker action 
takes place. Hence only the oncoming edge of the segment is pitted, 
as is the case. 

Now, all sparking due to vibration (and sparking generally is due 
to vibration) can be reduced by increased and steady pressure. By 
cutting away the brush in the middle, not only is the pressure per unit 
area increased, but the bearing on the trailing or forward edge is 
greatly improved. ‘I myself found good results by cutting a cross, 
square across the carbon face, leaving four feet, one at each corner. 


* “Some Phenomena of Commutation,” Fournal of the Institution of Electrical 
Engineers, 1907. 
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Probably a three-legged brush would be still better, one at the forward 
edge and two at the back. Hence I am inclined to doubt that 
Mr. Worrall's expérimental results confirm his mathematical reasoning. 
Some of my own experiments followed the formula more closely, for 
I used a triangular brush with the apex trailing. This would not 
diminish the rocker action, and did not, in fact, improve matters at 
all. Indeed, the narrowing of the forward end would increase the 
rocker action, owing to the concentration of current and heating, айа 
this might neutralise the beneficial effect of throttling the current. 
Subsequent to the reading of my paper, in some further work on the 


subject I came to a hollow brush much like Mr. Worrall’s, with the - 


idea of obtaining improved bedding at the edge, but the interruption of 
the experiments prevented my testing this arrangement. 

Mr. Worrall’s method of examining the commutation is very 
ingenious and sound. It has, however, the disadvantage of yielding a 
rather cryptic result, as the tooth ripples and waves from two opposite 
brushes are blended. With a multipolar machine there would be ripples 


from the brushes on both sides, 7.¢., the two adjacent brushes of similar 
sign, as they both control the current in bars lying along the side of the: 


pole under test. I know that in the experiments referred to, when I was 
examining the current in a search coil round the pole-shoe of a large 


multipolar machine, the curves obtained were more complex than: 


those in the paper, and when the machine was made to spark. the curve 
showed extraordinary irregularity and jaggedness, such as to defy 
analysis. Still the simplicity of the method has great advantages, for 
even without the timing contact-maker much can be learnt by a simple 
search coil and EET if one is ipractised in interpreting the 
curve. 

The marked difference between the positive and negative brushes 
is unexpected, and I am not quite satisfied with the explanation given, 
that it is due chiefly to the different temperature coefficients of the 


positive and negative contact resistances. In the curves of Fig. 20 it 
appears that a shift of three segments was required to equalise the con- 


ditions. Not long ago I was examining the change of temperature of 


the surface of the commutator as it passed the brush, and though the: 


rise was quite distinct, it was not a great deal. For instance, with an 
average value of 40°C. for the surface, there would be a difference 
of some 10° C. betwee the front and back surfaces as the copper 


passed the brush. "This seems inadequate for the effect produced, and, 


of course, the carbon surface maintains a fairly uniform temperature 
at any one point, though one brush may be permanently hotterthan the 
other. 


A natural objection to this great difference would be that such: 
a marked diversity would have been noticed in practice long ago. We 


are certainly familiar with the sight of one brush sparking and the other 
not, but that occurs also in a single brush of a multipolar machine, and 
may be due to many things. But I do not regard this objection as valid. 
After much experiment on commutation one begins to wonder how 
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any machine runs without sparking, and then one realises how power- 
fully the brush overrides small deviations from the perfectly regular 
change of current. The carbon brush covers and hides a multitude of 
the sins of the designer. 

This method of analysing commutation appears to me to have one 
theoretical objection, in that it gives preference to the straight-line 
change of current. An earlier commutation can be obtained without 
any serious reverse currents at the end, as I showed in my paper, and this 
early commutation obviously gives a margin for overloads. I believe it 
would be difficult with a multipolar machine to distinguish how far early 
commutation was occurring, whether with reverse currents, and all the 
numerous possibilities. Mr. Worrall seems convinced that reverse 
currents are rare, and possibly in his machine they were slow in 
occurring ; but that was поё: ту experience in larger machines. 

In concluding this long contribution to the discussion, I wish to 
express my appreciation of the paper. It has dealt with a most com- 
plex set of phenomena in a powerful manner, and has materially helped 
with a question of immense importance. Now that forced draught is 
raising the output per unit of weight of a dynamo, the commutation 
limit will again come to the front, and brushes form the next useful 
advance in dynamo design. But before brushes can be improved, 
methods of testing their real action and influence are essential. 

Mr. С. W. WonRRALL (in reply): The suggestion of Dr. Kloss 
regarding the possibility of cancelling the tooth oscillations would only be 
practicable in a machine of perfect workmanship and material, and in a 
commercial machine of to-day this standard is never reached. Mr. Wall's 


. method of utilising the armature for observing the magnetic oscillations 


(enlarged upon in a letter to the Electrician, Coales and Wall, May 27, 
910) has many points in its favour, but is not quite so simple and free 
from complication as the search-coil method. For, as Mr. Wall states 
(see letter), the results involve the interference of E. M.F. variations due 
to the number of commutator segments being finite. Such variations 
will be exhibited in each type of oscillation recorded, and in addition 
to this there will be a similar variation in the main E.M.F. of the 
machine. The former may possibly be of too small a magnitude to. 
seriously influence the results, but the latter will be quite appreciable. 
The method is further open to the objection that the brushes must 
remain in the neutral plane, and hence no verf extensive experiments 
in practical working can be carried out. Still the great advantage 
which the method possesses of the ordinate in the record being pro- 
portional to the current should render it at least a valuable check 
on other methods of research. If, however, Mr. Wall can over- 
come the difficulties the method should prove a valuable asset to the 
investigator. I did not investigate the damping effect of the field coils, 
but previous experience with laminated poles leads me to believe that 
the damping was mainly due to the solid pole-pieces. I have been very 
interested to hear so much to confirm my observations on the positive 
and negative brushes. Mr. Moffett's experience is particularly interest- 
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ing. Some misconception appears to have arisen concerning my remark 
that a reduction of brush area might cause a réduction of temperature. 
I do not refer to a full surface brush with a reduced area, but to a 
divided brush such as Fig. 8. Here the reduction of temperature 
effected is not so much due to a reduction, as to a better disposition 
of the contact area. The improvement in running effected by the 
metal strips on the brush tips could not be due to any mechanical 
cause, as Professor Marchant suggests, for if such were the case, orie 
would expect no difference in running to take place on changing the 
polarity of the brush. Mr. Armistead's question why the contact 
resistance is reduced by an increase of temperature is partly answered 
on page 508, where I state that one effect of temperature is to cause the 
brush surface to take a polish, which will naturally have a lower contact 
resistance than an unpolished surface. The remainder of the answer 
is probably associated with the fact that carbon has a negative tem- 
perature coefficient, although such a statement does not carry one 
much further. Some criticisms have been made regarding my mathe- 
matical theory of commutation and the brush shape deduced. 
Mr. Stephens considers that the term ir should be included in 
equation (1); this is quite correct, but its influence is only slight, as 
7 is only small compared with 7, and 7, and I intentionally omitted 
it in order to render the mathematical process sufficiently simple. No 
mathematical theory, however complex, can be said to even approach 
accuracy, and the only value of such theories is to suggest the existence 
of unknown phenomena, or the explanation of those already discovered. 
This latter function is certainly fulfilled by the theory given in the 
paper, and I cannot see any justification for Professor Robertson's 
remark that it is not of much value. | 

My analysis of the rival theories of commutation was not intended 
to convey my own views on the subject, as these are fully dealt with 
later in the paper, but rather to show that there was some ground 
common to both sides. One side is, as is well known, led by Professor 
Arnold, and I am glad to find that we have the advantage of Professor 
Arnold's own remarks on the subject in this discussion. Professor Arnold 
states that an external field is necessary to compensate the self-induction 
of the end connections.of the coil. Such an external field must be in 
the region of the coil side, and will generate an E.M.F. in the coil, 
while the self-induction field of the end connection will be beyond 
-that region. Compensation is therefore, Professor Arnold states, 
impossible. But is it legitimate to consider such comparatively small 
fields as entirely separate from the main fields? I think not ; I prefer 
to consider the entire external field and the entire self-induction field 
of the coil, and these may be said to be in the same region, and there- 
fore possible of composition. There will, further, be some stray flux 
from the external field in the region of the end connections. I fully 
realise, however, that such considerations by no means give a full 
picture of the commutating zone, and Mr. Hawkins' very clear state- 
ment of the case is much nearer the mark, but if such complication 
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were entered into, a parallel analysis of the two ideas would scarcely 
be practicable. For my own part I prefer not to regard any cancelling 
or compensating of either fields or E.M.F.’s as.taking place, for in the 
‘case of the fields, the presence of the air-gap will cause the two 
: opposing fluxes to spread out, hence both will be in existence, while 
E.M.F.’s which are varying in totally different ways can only cancel 
each other at a particular instant, and hence such a conception is rather 
futile. Further, the important function of the external E.M.F. is to 
accelerate commutation during the early stages of the short-circuit 
period, and if this takes place, the end of commutation will be perfectly 
satisfactory. The end of commutation described by Professor Robertson 
is in exact accordance with my own views as given in the paper, the 
only point of difference between us being that Professor Robertson 
considers that it does not greatly matter in what way commutation 
takes place, so long as it finishes satisfactorily, while I regard the 
manner of commutation as being of very great importance in that 
itis the manner of commutation that determines the final condition. 
"The manner of commutation has also a bearing upon the losses, for the 
less the rush of current the less will be the heating of the brush surface 
and commutator, and also the less will be the magnetic oscillation and 
consequent magnetic losses. I cannot agree with Professor Robertson 
that sparking at the rear tip of the brush is only due to some effect 
other than an excessive commutating field. Sparking at this tip may 
be due to other causes as well, but I have no reason to think my 
observation and explanation incorrect ; sparking alone at the rear tip 
exists only for a very small range of the commutating field, and sparking 
at the forward tip immediately follows, and consequently the critical 
point might easily be missed. I have recently had my observations on 
this point confirmed by works test-plate engineers. .The idea of the 
natural period is of necessity somewhat indefinite, for the process of 
commutation would not really be:complete until the end of the available 
period. The natural period cannot be calculated, but is of the nature of 
a conception which I have found exceedingly useful in explaining many 
of the phenomena observed. I feel very much interested in Professor 
Robertson's method of commutation research, and I hope that he 
will publish some oscillograms in due course. 

The illustrations given by Professor Arnold of the effect of equi- 
potential connections on the sparking are very interesting, and I am in 
full agreement with him that the magnetic oscillations play а much 
more important part than is usually supposed, for in the majority of 
papers on the phenomena of direct-current machines it is stated that 
these oscillations are entirely damped out. Mr. Carter's brush, to which 
Mr. Hawkins has drawn attention, is somewhat on the same lines as 
Professor Kapp's, but in my opinion it does not fulfil the necessary 
conditions that the contact resistance in the forward segment shall be 
high during the early stages of the short-circuit period. The serrated 
edges are, I think, as Mr, Carter claims, only effective at the close of 
the period. I was not acquainted with Mr. Marshall’s brush-holder, 
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but Mr. Armistead has kindly supplied me with further details. The 
question of the three points of contact per surface is a very important 
one, and Mr. Marshall's experiments appear to bear this out. An 
examination of the majority of brush surfaces will reveal the very small 
area of contact that they really have; the whole surface may be 
polished, but that is caused by slight changes in the position of the 
brush. Such changes take place in all ordinary brush-holders, and are 
the cause of the uncertain and irregular commutation usually obtained. 
In reply to Professor Marchant's question regarding the apparatus used 
for the temperature experiments, the copper foil was placed between 
the carbon and the brass. 

Professor Baily appears to suggest that the expansion and contrac- 
tion I observed takes place in the copper rather than in the carbon, and 
that the brown band which is formed on the brush surface is not 
so much due to the carbon lifting from off the copper as to the copper 
sinking from under the carbon. I take it that Professor Baily does not 
dispute the fact that if the expansion and contraction take place in the 
carbon the entire series of phenomena described would naturally 
follow, and hence all that need be considered is whether the brown 
band could be formed on the brush surface by an expansion and con- 
traction of the copper. Any action that takes place must be a purely 
superficial one ; in the case of the brush, a concave surface heated from 
the concave side straightens out, and in the case of the copper, a convex 
surface heated from the convex side would become more convex ; in both 
cases therefore the resulting phenomenon of a break of contact would 
occur. But now consider the remedial measure that was successfully 
applied, i.e., the cooler ; would the metal strips at the tip of the brush cool 
the commutator segment? I think not, and hence I think it must be 
conceded that the action takes place in the carbon rather than in the 
copper. 

Professor Baily's suggestion that the success of the divided brush is 
due to mechanical considerations cannot be entirely repudiated, for a 
brush with a divided surface must necessarily make better contact than 
one with a full surface, but I do not think that such a series of curves 
as is given in Fig. 16 would be obtained if good contact were the only 
reason. Besides, perfect contact was obtained with the full surface 
brush, as is shown by the uniformity of the curves, and commutation 
under the positive brush was adversely influenced by the division. 
The ro? C. difference mentioned by Professor Baily is, I take it, for the 
commutator, but this would be very much greater for the carbon, 
as according to my experience over a large number of machines the 
carbon is always very much hotter than the commutator. 

I do not quite understand Professor Baily's remark that my method 
of analysing commutation gives preference to the straight line change 
of current, except he means that the method would be exceedingly diff- 
cult to apply to any other law. In this he is quite right, and it was 
for that reason I assumed the straight-line law, but, as I have stated else- 
where, I do not consider that mathematical theories of commutation, 
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Mr. however complex, are of much value, except to suggest the causes 
Worrall. 
| of observed phenomena. 

The question of suitability of the machine and its adjuncts for the 
purpose of the research is fully answered by the remarks of Professor 
Thompson, and I can only add that the problem proved so very com- 
plex and difficult to attack that any simplification which appeared 
possible was adopted, and even then the research occupied two. years, 
but if two more years had been available, I am quite sure that much 
interesting and instructive information would have been gathered by 
experiment on the lines suggested by several speakers. 
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COMMU NICATION. 


THE EXAMINATION OF WATER BY ELECTRICAL 
METHODS. 


By W. POLLARD DIGBY, Associate Member. 
(Received April 14, 1910. | 


That water in its varying degrees of impurity is anything but a 
medium of constant value comes within the experience of all engineers, 
and hence frequent resort is made by the engineer to the analytical 
chemist for advice and assistance. However, this is not always done as 
often as might be desired, and a variation in the nature of a supply may 
take place with no visible change in the appearance of the water, but 
yet with such changes in the constituents as would render the water 
quite unsuitable for boiler feed purposes. A case of this nature vouched 
for by a consulting chemist was recently mentioned to the author. The 
author's object in the present paper is to point out the value of simple 
tests made in silu as safeguarding the owners of boilers from such 
happenings, and as determining when the analytical chemist should be 
employed. These tests are not intended in any degree to supersede the 
analyst, but may serve to determine when detailed analyses are neces- 
sary by indicating changes in the impurities in the water. The method 
resolves itself into a determination of the conductivity of the liquid at 
any predetermined temperature and a comparison of such determina- 
` tions with the known values of analysed samples. Any marked varia- 
tion from the normal should be followed by a further analytical 
examination. 

That the presence of small traces of impurities in distilled water 
occasions great changes in the specific resistance is a well-known fact 
in physics. Measurements of specific resistance have hitherto de- 
manded careful laboratory determinations. The method most widely 
known, viz., that of Kohlrausch, depends upon the employment of the 
Wheatstone Bridge, with an alternating current and a telephone 
receiver in place of the galvanometer used in ordinary resistance 
measurements. This method, while indubitably one of precision in the 
hands of those highly trained, permits of varied results from different 
experimenters dealing with identical solutions, the reason for which is 
that the human ear is not a standard piece of apparatus for defining the 
precise degree of minimum sound. Another laboratory method pro- 
vides for carrying the liquid to be measured in a glass tube forming 
a secondary short-circuited coil of a static transformer. While this 
device is visual rather than aural, the delicate instruments necessary, 
together with the calculations required, relegate this most ingenious 
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apparatus to the physical laboratory. For determinations of the con- 
ductivity of liquids or electrolytes the apparatus to be employed should 
not necessarily involve the use of alternating currents, and a measuring 
apparatus fitted with a scale should indicate conductivity in reciprocal 
ohms or reciprocal megohms as a function of the current furnished by 
the generator. On the electrochemical side the effect of polarisation 
has to be limited. This can be effected by circulating the liquid under 
examination past the electrodes at such a rate as to wash away any 
adherent film of hydrogen bubbles. 

An apparatus embodying these features has been devised by 
Mr. C. W. V. Biggs and the author, and has been used on all the 
experiments and tests described in this paper. The original type con- 
sists of a straight glass tube so constructed as to hold the equivalent of 
a body of liquid 1o cm. in length and 1 sq. cm. in sectional area, the 
liquid being contained between platinum electrodes attached to plugs 
of ebonite fixed in cups which form enlargements of the ends of the 
tube. The electrodes are suitably connected to terminals in the ebonite 
ends, and are capable of being adjusted. The liquid to be tested is 
introduced into the main tube through a small tubulure rising at an 
angle from the middle of the upper part ; and when tested is run off 
through a small tube furnished with a tap, attached to the middle of 
the lower part. At each end of the upper surface of the body tube a 
vent tube is attached, inclining to the middle of the main tube, and the 
two unite at a height of about 24 cm. above it, with a short vertical 
outlet. The arrangement is shown in Fig. I. 

Manifestly such a piece of apparatus is hardly suitable for use out- 
side the laboratory. The form for practical work consists of a glass 
U-tube, to which is attached at the lowest point of the bend the tube 
brought from the filling funnel, whilst the outlet, controlled by a glass 
tap, is joined to the inlet at its lowest point. Near the extremities of 
the limbs of the main tube overflow ways are sealed on, and terminate 
in indiarubber tubes grouped with the lower outlet. The form and 
arrangement of the electrodes are especially designed to minimise the 
disturbing effects of polarisation and other difficulties inseparable from 
the original type of tube. The electrodes are open cylinders of plati- 
num, about 9 mm. in diameter and 3 mm. in height, connected by three 
equidistant platinum wires to stout brass glass-covered rods passing 
through the brass covers which are connected to the terminals. The 
dimensions of tube and electrodes are such that the equivalent of a 
body of liquid having a length of ro cm. and a sectional area of 
I Sq. cm. is obtained. The apparatus is mounted on a strong wooden 
support carrying a thermometer, and the whole is contained in a lock- 
up portable case (Fig. 2). 

The most convenient instrument for measuring the conductance is 
the * conductance meter " made for use with the tube by a well-known 
firm which the author has entrusted with the manufacture of the 
apparatus. It resembles the familiar “ megger," but is furnished with 
a scale graduated in reciprocal megohms and ohms, and with a tube of 
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sectional area one-tenth the length it gives readings of one-tenth of 
the specific conductivity—equivalent to the reciprocal of ten times the 
specific resistance. Correction for variation of temperature for water 
containing less than 1 per cent. of dissolved salts may be made with 
sufficient accuracy by taking the coefficient as 2°19 per cent. per 1° C., 
as referred to 20° C.; but above 38° C. such correction is not reliable 
owing to complications arising from disengagement of small quantities 
of dissolved gases, and also from physico: -chemical action not within 
the scope of this paper. 

At the outset the author experienced considerable difficulty in deter- 
mining standards for comparison. Distilled water, obtained either 
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from the laboratory of the analytical chemist or from the shop of the 
pharmaceutical chemist, cannot be regarded as a standard product. 
Absolutely pure distilled water has probably never been obtained. 
The best that the author has heard of was a special sample prepared 
by Kohlrausch, which had a value of 0:043 reciprocal megohm at 18? C. 
This was prepared by distillation in vacuo, and collected in an especial 
glass cell. which had been kept for ten. years full of distilled water. 
Of samples passing through the author's hands, good distilled water 
has varied in its specific conductivity from 4'o to 1'362 reciprocal 
megohms for laboratory distilled water, and for distilled water from 
surface condensers the best has been 3:3 reciprocal megohms. As a 
general standard of comparison, good distilled water might possibly be 
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defined as possessing a specific conductivity of 3:3 reciprocal megohms 
or a specific resistance of 300,000 ohms at about 20° C., this value 
representing an approximate average value of the output of the Liebig 
condensers in the laboratory of one of the author's friends, and also 
representing the best practice from central station surface condensers 
that has come under the author's notice. | 

As has already been pointed out, all books on physics refer to the 
effect of minute traces of impurities as greatly increasing the con- 
ductivity of distilled water. For instance, in the tenth edition of 
Ganot's “ Physics" occurs the statement, “Standing in the air for five 
hours doubles it ; the addition of a millionth part of sulphuric acid— 
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that is, a drop in about 17 gallons—increases the conductivity tenfold.” 
The author has noticed that shaking 30 c.c. of good distilled water in a 
clean 50-c.c. stoppered flask for 30 seconds has resulted in doubling 
the conductivity, probably owing to the absorption of impurities from 
the imprisoned air with which the agitated water had come in contact. 
Minute traces of foreign matter having such a great influence on the 
conductivity of distilled water, the author has carried out a number 
of investigations upon impurities found in ordinary waters, taking in 
each case distilled water and salts nominally pure. Some typical 
results are given in Figs. 3 and 4, which relate to sodium chloride, 
sodium carbonate and to calcium sulphate. One point must be empha- 
sised by the author at this juncture, and that is that the conductivity 
tube does not discriminate between different impurities. For instance, 
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the curves for sodium chloride and calcium sulphate which aré super- 
imposed in Figs. 3 and 4 show how similar is the effect of these sub- 
stances when added to distilled water. АП that this or any other 
method of conductivity determination can do is to indicate varia- 
tions in the amount of impurities present in a liquid. 
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Feed Water.—For feed water for boiler purposes such indications 
are not without value; as an example, Fig. 5 shows the relation 
between degrees of hardness and conductivity of water when that 
hardness is due solely to calcium carbonate. From what has been 
said it is apparent that conductivity tests permit not only the deter- 
mination of the value of that hypothetically pure liquid, laboratory 
distilled water, but also the checking of the operation of evaporators 
for make-up purposes at sea, or for the supply of distilled water for 
hydraulic gun mountings, and further provide a check on the operation 
of surface condensers in all places, 
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Condenser Tightness and Priming.—Given a boiler free from prim- 
ing, a single conductivity measurement of the water passing from the 
condenser to the hot well will indicate the tightness of the condenser 
tubes. It will be urged that any impurities indicated may after all be 
due to boiler priming. Any doubts upon this score can be readily 
settled. All that is necessary is to take, say, four or five samples (after 
running long enough to wash out possible impurities from the steam 
ways), one with the engine or engines turning round light, and other 
samples at stated points upon an increasing load. "Then if the con- 
ductivity is high in the first reading, being anywhere well in excess of 
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a specific conductivity of 3'0 reciprocal megohms, it is obvious that 
the condenser is at fault, and succeeding readings should confirm this 
by indicating a lower specific conductivity. If the approximate rate 
of flow is known at any moment, together with the value of the 
circulating water, a reference to standard curves will give the per- 
centage of leakage at that moment. Two sets of standard reference 
curves (Figs. 6 and 7) are appended, one for sea water for circulation 
(from the North Sea near Sunderland), and one for circulating water 
having the conductivity of London tap water. It is apparent that 
a surface condenser may leak slightly for a considerable time. Leaking 
of tubes obviously impairs the value of the surface condenser as the 
provider of good feed water, owing to the addition of dissolved solids 
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in small but cumulative doses to the water in the boiler. This should 
be checked long before the use of a salinometer becomes possible and 
before the foaming of the water in the boiler gives rise to priming. 
Hydraulic pressure tests involving the opening out of the condenser 
are only permissible when good reason arises for such an overhaul. 
Conductivity determinations, while indicating when such overhauling 
is necessary, May save unnecessary examinations. If, on the other 
hand, the conductivity of the hot-well water, initially low, rises as the 
load on an engine increases, the only possible deduction is that the 
boiler is priming. Into the causes of boiler priming such as design, 
rate of evaporation, height in gauge-glass, or nature of the water 
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within the boiler, it is not within the author’s province to deal at 
this juncture, as the purport of this paper is to describe an exact 
method of ascertaining the amount of priming taking place. Neither 
is it within the author’s sphere to criticise sampling calorimeters, 
except, perhaps, to allude to the notorious fact that upon the position 
of the sampling pipe depends the result of the test, which may be 
unduly good or unfairly bad. A conductivity determination which 
embraces the whole of the steam entering the condenser and which 
does not recognise condensation water due to the radiation of heat 
from the steam pipes is a better guide as to presence or absence-of 
priming. | 
The grade of the water within boilers is subject to wide variatio 
The author has found the specific conductivity of water in boilers 
to vary from 11°1 reciprocal megohms to more than go,ooo reciprocal. 
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megohms. It therefore becomes necessary for each test for boiler 
priming to plot a special curve giving the conductivity of various 
portions of the water actually in the boiler mixed with standard 
distilled water. Fig.7is a special curve showing the conductivity of 
varying proportions of West London tap water and distilled water. 
Tests have been carried out by the author and his staff on several 
typical installations of boilers. In each case, in addition to an initial 
checking of the tightness of the condenser, and the determining of the 
value of the water in the boiler, the following readings were obtained : 
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(a) Height of water in gauge-glass; (b) evaporation during period ; 
(c) load on station in kilowatts ; (d) conductivity of sample obtained ; 
(e) percentage of priming deduced from (d). Inasmuch as this is the 
first occasion upon which a series of priming tests have been made 
upon such an exhaustive scale as was employed, and as the method 
involved permitted of an exactitude of measurement of priming not 
hitherto available, the author ventures to submit detailed results of 
certain of these tests. · 

From April 25th to September 19, 1908, seven tests were taken 
under varying conditions. The first was on a Stirling boiler at the 
Shoreditch power station with a load of from 452 to 616 k.w., an hourly 
evaporation of about 15,000 lbs, and pressure ranging from 150 to 
160 lbs. The heating surface was 3,250 sq. ft., and the height of water 
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in the gauge-glass was from 5 to 64 in. As was the case in all 
the other tests, hot-well samples were taken every quarter of an hour, 
whilst an average sample of the boiler water was secured by a slow 
uninterrupted trickle from the gauge-cock. The duration of this test 
was curtailed by the breakdown of the mechanical stoker ; but the 
variation in specific conductance of the hot-well samples is very small, 
the minimum being 3°75 reciprocal megohms and the maximum 
50 reciprocal megohms. The boiler water was unusually free from 
saline matter. Its specific conductance, which was 42:5 reciprocal 
megohms at 13° C. indicates that it contained only from 25 to 30 
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parts per million of dissolved solids. Fig. 8 shows the conditions 
and results of this test. 

On May 6th a three hours' test was taken on another Stirling boiler 
evaporating from 13,250 to 16,235 lbs. of water per hour with a steam 
pressure of 100 to 125 lbs.; heating surface, 3,250 sq. ft. ; height of 
water in gauge-glass, 5 to 7 in, and a load of до to біо kw. 
The boiler water had a specific conductance of rr'1 reciprocal 
megohms at 19? C., and the hot-well water fluctuated between 3'3 and 
about 6:8 reciprocal megohms. The boiler water was of an excep- 
tional degree of purity, and contained probably not more than ten 
parts per million of saline matter. 

The details of this test are given in Fig. 9; but the author has not 
given the curves for percentage of priming in either of the Shoreditch 
tests on account of the discovery of defects in the tubes used on these 
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occasions which may have rendered the results inexact. It is manifest, 
however, from the very low conductance of the-hot-well samples, that 
the priming must have been very slight—probably not greater than 
o'r per cent. in the first test, and not much above this figure in the 
second test. | 

The next test, at the Epsom power station on July 15th, was on a 
dry-back boiler of the Davey-Paxman- economic type, and extended 
over three hours with an hourly evaporation of from 1,048 to 1,185 lbs- 
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of water; a steam pressure of 140 to 160 lbs.; heating surface, 
1,180 sq. ft.; height of water in gauge-glass, 3 to 4} in., and a load 
of from 42 to 52 К.у. In this case the boiler water was of a totally 
different character from that at the Shoreditch station. Its specific 
conductance was 680 reciprocal megohms at 20°C., representing a 
proportion of dissolved solids amounting to several thousand parts 
per million. The hot-well samples varied in specific conductance from 
8 to 24'5 reciprocal megohms ; but the highest figure was not nearly 
approached in any other than the first sample taken, and may be 
ascribed to insufficient washing out of the interior of the pipes before 
beginning the collection of the samples. The corresponding amounts 
of priining vary from o'6 to 3'o per cent. The curves for this test are 
given in Fig. 1o. | | 
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The fourth test was taken on July 24, 1908, at Kelham Island power 
station, Sheffield, on four Stirling boilers. Nos. r and 2 boilers were 
of the marine type, and Nos. 6, 7, and 9 were five-drum boilers ; but 
No. 9 was doing little or no work, and was merely kept as a stand-by 
boiler, leaving the four others to run the load. The steam pressure 
was kept between 160 and 165 lbs, with an hourly evaporation of 
from 50,184 to 58,423 lbs. of water at 100° C., and a load of 390 
to 500 k.w. The combined heating surfaces of Nos. 1 and 2 
marine type boilers were 10,640 sq. ft., and the combined: heating 
surfaces of Nos. 6 and 7 boilers were 6,900 sq. ft. No. 9 boiler 
heating surface was 3,610 sq. ft. The water-levels varied from 2} to 
64 in. The boiler water from Nos. 1 and 2 boilers had a specific | 
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conductance of 66 reciprocal megohms, and that from Nos. 6 and 7 of 
870 reciprocal megohms at 26:5? C. ; whilst the hot-well samples, taken 
from 1r a.m. to 4 p.m. every quarter of an hour, varied from 3.32 to 
10°77 reciprocal megohms. The corresponding percentages of priming 
range from 0°06 to 1°24, as shown in Fig. II. As was the case at 
Epsom, the highest figure was obtained from the first sample only, 
and the same remarks apply. It should be noted that after the fourth 
sample, giving 9 reciprocal megohms, at no time did the conductance 
exceed 5. 

Southend power station was selected for the next test on Septem- 
ber 1, 1908, when the samples were collected during four hours. A 
Babcock and Wilcox boiler, with a heating surface of.2,900 sq. ft., 
and a water-level of 4} to 63 in. was evaporating from 9,526 to 
10,940 lbs. of water per hour at pressures of 140 to 160 lbs. with 
a load which varied considerably. The boiler water was strongly 
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alkaline, and its specific conductance at 17? C. was approximately 
91,240 reciprocal megohms. The hot-well samples had a specific 
conductance of from 3 to 23 reciprocal megohms at 16? C., indicating 
priming not exceeding 0:022 per cent. Fig. 12 gives the details of 
this run. | 

On September 2nd, also at Southend power station, a four hours’ 
test was begun on a Stirling boiler. After an hour and a half it 
was found necessary to join up a Babcock and Wilcox boiler, so that 
this run cannot be regarded, as was intended, as a comparative test, 
but it shows very interesting results from the time of joining up the 
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boilers until the end of the run. The load was subject to rapid 
and extensive fluctuations, with an evaporation of from 7,996 to 
11,709 lbs. at a pressure of 120 to 150 lbs. The heating surface 
was 2,910 sq. ft, and the water-level was from 1% to 5 in. in the 
gauge-glass. The specific conductance of the boiler water was 6,925 
reciprocal megohms at 17? C. Neglecting the eighth hot-well sample, 
which was taken just after the auxiliary boiler was connected up, and 
contained much suspended solid matter, the hot-well specific con- 
ductances varied from 4'5 to 9'5 reciprocal megohms before the 
eighth sample, and from 9 to 85 reciprocal megohms thereafter, the 
corresponding degrees of priming being from 0'042 to o'1 per cent. 
for the Stirling boiler and from about o'r per cent. to r'o per cent. for 
the two boilers working together. The high conductance of the hot- 
well water when both boilers were joined up was probably due to the 
washing out of dirty steamways, for all the samples giving high 
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readings were contaminated with more or less of earthy suspended 
matter. The curves relating to this run are given in Fig. 13. 

The seventh and final test of this series was taken at Southend 
power station on September 9, 1908, on two Davey-Paxman economic 
boilers, having a combined heating surface of 2,360 sq. ft., evaporating 
jointly from 8,736 to 10,524 lbs. of water per hour at a pressure of 145 
to 150 lbs. with a very variable load. The water-levels in the gauge- 
glasses measured from 24 to 7 in. The boiler water had a specific 
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conductance of 14,910 reciprocal megohms at 18°C., whilst the hot-well 
samples, taken during four hours, ranged from 4'0 to 23 reciprocal 
megohms, and the extent of priming indicated varies from about 0'02 
to o'16 per cent. (Fig. 14). 

So far as checking the operation of steam plants by conductivity 
methods is concerned, their application does not cease with checking 
the nature of the feed water, or with ascertaining condenser tight- 
ness, or even with defining boiler priming. А film of oil is more 
to be dreaded than scale-forming impurities in the management of 
boilers. This obvious truism is cited, not because the conductivity 
tube described lends itself to defining the quantity of oil present, 
but because an oil eliminator in one form or another is a necessary 
adjunct in all electricity supply stations containing reciprocating sets. 
In regard to their efficiency as oil eliminators the author bas no 
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criticism to make, But, apart from this, their careless operation in 
a manner other than that designed by the makers may involve the 
substitution of a less evil for a greater one. The author has good 
reason to believe that in certain cases an excess of chemicals is 
added beyond that required for the elimination of the oil. This in 
cumulative small doses can only result in the ‘increasing impurity 
‘of the boiler water through its enrichment with a substance which 
‘by common consent is regarded as a source of priming. 

А last point may be mentioned. Where hard waters containing 
an excessive quantity of calcium and magnesium carbonates are 
softened by the Clark process, the conductivity tube and conductance 
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meter can be used as a substitute for the standard soap test in 
defining how far the process of softening has been carried. As an 
example, the following test and Fig. illustrate the changes accompany- 
ing the treatment of West London tap water by the Clark process. 
Clark's process of softening hard water consists in the addition of 
calcic hydroxide in the form of a solution or a “cream” of slaked lime, 
which combines with the carbon dioxide by which calcic carbonate 
is held in solution in ordinary water, thus forming more carbonate 
which is precipitated with that originally existing in solution in 
the water. Calcic hydroxide is soluble in distilled water, at 15? C., to 
the extent of 119 grains per gallon, and 74 grains will precipitate 
IOO d of calcic carbonate from hard water :— 


| CaH;2CO3 + Caz HO= = 2CaCO, + 2H.O 


3 162 | 74 200 36 
(= 100 СаСО,) 


Water level in Zznches‏ )= سم 
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In. these tests the hardness of the water.as drawn: from the tap 
was 14'5 on Wanklyn's scale, in which the amount of calcic 
carbonate or equivalent salts is expressed in grains per gallon by 
the degree of hardness minus 1—i.e, these samples contained 
13'6 grains per gallon of dissolved calcic carbonate and equivalent 
solids having a similar “ hardening” effect. Successive samples from 


the same source were treated with increasing. quantities of slaked : 


lime until no further reduction of the hardness resulted ; and the 
readings of the conductance meter agreed closely with the determi- 
nations of the hardness. In Fig. 15 the point at which the hardness 
is given as 4'9° and the conductance 16:3 reciprocal megohms is 


Wale fimi (# “ү с.с.) 


оос 


bor ok g 
| 


FIG. 15. 


approximately the indication of the amount of * permanent hardness" 
due to salts such as calcic and magnesic sulphates not thrown out 
` of solution by lime, equivalent to about 3:9 grains per gallon of 
calcic carbonate. The addition of lime was now further continued, 


and there being no more carbonate with which it could react, it 


remained in solution, and the conductance readings rose successively 
to 18:2, 24, and 26. Thus the conductance tube may serve not only 
to ascertain comparative degrees of hardness, but also to ascertain the 
' point at which the addition of lime should be discontinued in the 


Clark process of softening, as any excess of lime is made apparent by 


the rise of conductance. 

Conclusion.—To express briefly a resumé of the matters dealt with 
in this paper, the author claims that the determination of the electrical 
conductivity of liquids offers to the engineer :— 


556 .DIGBY: THE EXAMINATION OF WATER. 


(a) The knowledge as to when the analyst should be called in to 
report upon the nature and probable effect of a change in 
the constitution of a boiler feed water indicated by the 
conductivity tube and conductance meter. 

(b The knowledge as to whether condensers are leaking, and 
the amount of the leakage, so that the date for overhaul 
(immediate or remote) can be promptly settled. 

(с) An exact determination of the amount of priming arising in 
any type of boiler under any defined conditions of load, 
water-level, or nature of water in the boiler. 

(d) The control of oil-eliminating plants, preventing the in- 
advertent addition of injurious constituents to the boiler 
feed. 

(e) The control of water-softening plants. 


Further, by actual tests of plants in operation the author has 
shown, by a method not previously used, the almost entire absence 
of priming in the boilers mentioned in the tests under the conditions 
ruling at the respective power stations. 

The author does not claim to have discovered the conductivity 
tube, nor to have discovered any new law relating to the properties 
of solutions. Hitherto conductivity determinations of liquids have 
been a matter for the physical laboratory, and Kohlrausch, Fitzgerald, 
and Whetham have carried out exhaustive researches as to the 
physical aspects. Perhaps it is not unjust to say that the con- 
ductivity tube has been ultilised chiefly as a weapon in the 
controversies that have been waged over and around a moot point 
in physics. All that the author can claim to have done is to have 
described and devised a form of tube for utilisation not only in 
the physical laboratory, but in the everyday routine of engineering 
work. In short, the tube described, with its provisions for eliminat- 
ing polarisation, with its relatively high resistance path between 
the electrodes, combined with a conductance meter, at once com- 
mercialises the research of the laboratory, and affords to the engineer 
simple, immediate, and at the same time accurate means of control 
of numerous operations. Those operations which relate to steam- 
engine work have been amply indicated in this paper. 

In conclusion, the author desires to be allowed to express his 
indebtedness to his colleague, Mr. C. W. V. Biggs, for general 
assistance upon these researches; to his colleague, Mr. F. E. Pollard, 
for direct assistance upon the boiler priming and water softening 
tests; and to his assistants, Messrs. A. C. Huskinson and C. L. 
Roberts, for routine laboratory work. He is also indebted to his 
friend, Dr. S. Rideal, for friendly counsel, and to the officials of 
the central stations mentioned for their permission to take, and 
assistance in carrying out, the boiler priming tests herein described. 
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Proceedings of the Five Hundred and Eighth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, S. W., on Thursday evening, 
April 28, 1i910—Mr. S. EVERSHED, Vice- 
President, in the chair. | | | 


The minutes of the Ordinary General Meeting held on Thursday, 
April 21, тото, were taken as read, and confirmed. | 


Messrs. А. P. O'Brien and ]. Girdlestone wereappointed scrutineers 
of the ballot for the election of new members, and, at the.end of the 
meeting, the following were declared to have been duly elected :— 

ELECTIONS. 
As Associale Members. 
Lieut. Edward David Carden, Robert Hunter. 


R.E. Edgar S. Hurlbatt. 
James Herbert Edwards. Adolf William Isenthal. 
Edward Harriss. Henry John Alfred Jones. 
James Raymond Henry. Douglas Neill Keith. 
Raleigh Hills. Frederick James Launchbury. 
George John Hollyer. Capt. Hugh Percival T. 
Frank Henry Horner. Lefroy, R.E. 


* 
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ELECTIONS. 


[April 28th, 


As Associate Members (continued). 


Bradley T. McCormick. 

Frederick Charles Osborne. 

William J. Richards. 

George William Richard- 
son. 

Robert James Roberts. 


Gilbert Rosenbusch. 


` Frederick Peake Sexton. 


James Stewart Smyth. 
James A. V. Thomson. 
George Henry Vaughan. 
John Anthony Woods. 


As Students. 


Singh Anant. 

John Henry Asdell. 

Daniel Dadsworth Barber. 
Harry Edwin Betts. 
Alfred Ernest Boon. 
Walter Muir Cranston. 
Heber Ewart Crowcroft. 
Rhys Davies. 

George Martin Doubleday. 
George Eagar F. Graham. 
Frank Saunders Heywood. 
Edward Hughes. 

William Inglis. - 

Sydney Norbury Jackson. 


George Tenison Levinge. 
Robert Edwin Livesley. 
John Herbert Lough. 
Douglas Wilson McIntyre. 
Robert Alfred Mack. 
Thomas Francis Phillips. 
Edward Aloysius Riordan. 
Jayaràm Janardan Savant. 
Percy William Scholefield. 


. Bertram George Spendiff. 


Frank Percival Swann. 
John Lindley Thompson. 
Mervyn Stanley Vernal. 
William Arthur Ward. 


The following paper was read and discussed: “ Earthed versus 
Insulated Neutrals in Colliery Installations,’ by W. Wellesley Wood, 
Associate Member (sce p. 559). 
The meeting adjourned at 9.45 p.m. 
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EARTHED VERSUS INSULATED NEUTRALS 
IN COLLIERY INSTALLATIONS. 


By W. WELLESLEY WOOD, Associate Member. 


(Paper received from the NEWCASTLE LOCAL SECTION, March 9, read in 
London on April 28, and at Newcastle on April 4, 1910.) 


A great deal of attention has recently been attracted to the question 
whether a 3-phase colliery installation should work with an earthed or 
insulated neutral, and not only are there a number of supporters of both 
systems, but also a number of long-standing examples of each at work 
both on high and medium pressures, and with current taken in some 
cases from a supply company and in others from their own generating 
plant. Conditions vary so greatly in collieries and mines that what is 
suitable and perhaps necessary in one case may be absolutely dangerous 
in another. The principal advantages of each system are as follows :— 


Earthed Neutral. Insulated Neutral. 
1 Maximum potential to earth of т. Danger of shock and explosion 
any phase limited to 58 per is reduced, as contact with 
cent. of line voltage. earth and one phase does not 


complete the circuit. 


2. Leakage to earth probably 2. An earth on one phase does 
results in isolation of the not cause an interruption of 
damaged circuit. supply, for the same reason. 

3. Leakage tripping devices can 3. Stress on insulation under nor- 
be used which switch off the mal circumstances is less, 
supply when an earth occurs and liability to flash to 
onone phase,reducing danger metallic casings considerably 
of shock and explosion. less. 


4. Only two trip coils instead of 
three are required to pro- 
tect each circuit where an 
automatic switch is installed. 


Power taken from a Supply Company.—As the principal consideration 
is the safe operation of the underground plant, it is only proposed to 
consider briefly how the question affects generating machinery and 
transmission lines. Many collieries now take their power from a supply 
company, and where such an installation is connected without the 
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intervention of a transformer, advantages т and 2 of the insulated 
system are minimised, as an earth on any part of the supply company's 
mains (possibly in another colliery) will have the same effect as an earth 
on the installation, but be beyond its control. Under such circumstances, 
and particularly where the voltage is high, say 5,000 or over, it is prob- 
ably better to earth the neutral so that a faulty installation is isolated, 
and the stress to earth on healthy plants kept permanently at 58 per 
cent. of the line volts. In a high-tension installation the factor of 
safety of installation is often small, and the sudden rise of pressure 
produced by an earth on one part of the system may damage the 
insulation of another part or cause a flash-over on motors. Where 
the supply is transformed the colliery circuit is a separately in- 
sulated one, and the above does not apply. 

Generating Plant.—As far as the generating plant is concerned 
(where a colliery has its own supply) the earthing or insulating of the 


Generator 


RQ OHHH sss S NN MNS TSN 
со“ rt 
FIG. I. 
I. Transformers connected star to star, neutral earthed, generator neutral unearthed. 
2. Earth occurs on one phase and short-circuits it. 
3. Voltage on shorted phase falls to zero, on other two rises to full-line volts, increasing 
stress on insulation of two phases in ratio of 58 to Ioo. 

neutral makes very little difference, as although with alternators in 
parallel triple-frequency currents may give trouble with an earthed 
neutral, this can be got over by earthing the neutral of only one 
generator, or by the introduction of choking coils, and this point was 
discussed by J. H. Rider in a paper on the London County Council tram- 
ways.* The conditions, moreover, under which most colliery stations 
work are less strenuous than in those of a supply company, where inter- 
ruption of the service affects a large number of concerns, so that the 
earthing of one generator at a time would probably work satisfactorily. 

Transmission Lines.—As far as transmission is concerned, the 
question of earthed versus insulated neutral is a very open one indeed, 
especially on voltages under 20,000, and the President of the High Ten- 
sion Committee of the American Institution of Electrical Engineers in 
opening the discussion on this subject put his conclusions as follows: 
“That some plants grounded the neutral, and its engineers considered 
it safe, and would never think of running in any other way, whilst the 
engineers of plants which did not ground the neutral would never 
think of doing such a thing." 


* Sournal of the Institution of Electrical Engineers, vol. 43, p. 235, 1909. 
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Where the neutral is earthed, it has sometimes been found possible 
in emergencies to keep up the supply with two lines and an earth 
return, while with an insulated system the supply can be maintained 
with an earth on one phase, if the insulation of the system has a suf- 
ficient factor of safety to withstand the full-line voltage between any 
part of it and earth. "These points are of more importance on a supply 
company's system than on the average colliery installation. 

Before considering the underground plant it is interesting to note 
that under certain conditions it is possible to get the full-line voltage to 
earth in two phases of a system even with the neutral earthed on both 
high- and low-tension sides of the transformers, if these are connected 
star to star, and the generator neutral is insulated. This is due to the 


Generabor 
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Fic, 2.— Various Types of Leakage Indicators. 


instability of the neutral-point under such conditions, and is illustrated 
in Fig. 1. Very often the first indication of anything wrong is the 
arcing of the lightning arresters. 

Underground Plant.—The chief considerations in the underground 
plant are safety as regards shock and explosion, reliability and sim- 
plicity in working, and cost both of the installation and maintenance of 
the same. 

Danger from Shock.—Although even on a perfectly insulated system 
of large size, or working at high pressure, it is possible to get a severe 
shock from the capacity effect alone, and without any actual circuit 
being completed, there is no doubt that on such a system there is less 
danger of fatal results from accidental contact with one live phase and 
earth, and particularly so on medium pressure installations. It must be 
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noted, however, that very often on these medium-pressure systems the 
neutral-point is connected to earth through the resistance of the 
leakage indicator, the connections being as shown on Fig. 2. This 
resistance is generally designed to pass several hundred milliamperes, 
which is sufficient to give a fatal shock, and while it is, of course, much 
safer to get a shock in series with such a resistance which limits the 
current, this danger can be reduced by using the same electrostatic 
type of indicator usually supplied for higher voltages, or by the Nalder 
type of instrument which only passes a few milliamperes. Considered 
from this point of view there is no doubt that a system with earthed 
neutral presents greater dangers. 

Limitation of Vollage.—With an earthed system the voltage between 
any point and earth cannot exceed 58 per cent. of the line pressure, but 
as fatal accidents have occurred with voltages as low as 150, this 
limiting of the voltage is not of any very great advantage, particularly 
in a colliery where the conditions are such as to make the men specially 
susceptible to the effects of electric shock. 

Earthing of Metal Casings.—The best protection against the danger 
of shock from conducting bodies does not lie either in earthing or in- 
sulating the neutral, but in properly protecting or enclosing all live 
parts, and in efficiently earthing to the surrounding ground all motor 
frames, switch-cases, etc. The earth wire should be large enough 
safely to carry the load which will blow the fuses of the plant it 
protects, and it should be frequently tested for continuity. In a dry 
pit it is often difficult to get a good earth connection, and to meet this 
difficulty some engineers carry either a separate cable or core for 
earthing purposes only, but this method may possibly be a source of 
danger unless the system is also earthed underground, and Fig. 3 
has been prepared to illustrate this. For example, on a 3-phase system 
with an earthed neutral, and an earthplate at the generating supply 
end, a leak takes place near the motor on one of the outers. This 
motor is at work in a more or less insulating stratum, so that the 
resistance from the ground to the earthplate at bank (except through 
the earth wire) is very high. The motor makes bad contact with the 
ground on which it stands, and there is a very considerable difference 
of potential between this ground and the motor. Anyone standing on 
this ground and touching the motor-case will get a possibly fatal shock. 
If the neutral is insulated it is necessary to have a leak on one of the 
other phases at bank before the same conditions can apply. It may be 
thought that this is a rather exaggerated case, but a non-fatal shock on 
somewhat the same principle as outlined above, and due to variations 
in the resistance of the strata, occurred recently in a colliery in Scot- 
land, and on measuring the resistance between an earthplate at bank 
and an earth connection at the bottom of the shaft, this was found to 
be 100,000 ohms. With regard to this question of earthing, Messrs. 
J. G. and R. G. Cunliffe * have shown that the resistance of an earth- 
plate is often very considerable. By the kind permission of the authors 

* Fournal of the Institution of Electrical Engineers, vol. 43, p. 449, 1909. 
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several curves from their paper have been reproduced, and curve I. 
shows that quite apart from any question of the intervention of non- 
conducting strata (as mentioned above) the resistance between two 
plates each 1} ft. square, and arranged 200 ft. apart, may be about 
30 ohms, so that a leakage current of a few amperes would cause a big 
drop in potential. Another very important point is that nearly 50 per 
cent. of this drop occurs within 3 ft. of the plates (curve IL). It 
appears all the more necessary, therefore, in earthing the metallic 
dead portions of any system to provide several earthplates distributed 
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| | Generator 
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FIG. 3. 


r. Motor at work in high-resistance strata, or in motor-room with such strata intervening, both 
above and below. between earth-plate at bank, No earth-plate underground. 

2. Leakage or earth on one phase at same level as motor. Latter on concrete foundations 
insulated from surrounding ground, and maintained by earth-wire at same potential as 
earth-plate at bank. 

3. Considerable difference of potential between motor and surrounding ground, with possibility 
of shock due to phase volts. 


over the installation. Curve III. shows that there is no great advantage 
in making each plate more than about 4 sq. ft. in area. 

Danger of Faulty Insulation.—There is, however, a possible danger 
of shock which cannot be guarded against in this way, and that is 
by coming in contact with faulty insulation, such as an unarmoured 
damaged cable. With an earthed system shock as before is certain, 
with an insulated system it is likely to be less severe. Where cables 
are armoured or enclosed in a metallic covering this danger cannot 
occur as long as the armouring or cover are efficienlly earlhed and elec- 
trically continuous. If, however, a careless jointer leaves the armouring 
disconnected after a hurried repair, or the armouring is eaten away 
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by bad water, etc., the conditions are now more dangerous than 
before, as an earth may cause a considerable length of armouring 
to be alive, any part of which will give a shock. For this reason 
many colliery engineers object strongly to the use of armoured cables 
as being likely to produce a false feeling of security. 

Danger from Explosion.—It is very doubtful whether many colliery 
managers would instal electric plant at all in places where there is real 
and constant danger of inflammable gas or coal dust, as it seems fairly 
certain from recent experiments that an arc or flash with any moderate 
amount of power behind it will ignite either gas or coal dust in sus- 
pension if present in suitable proportions. With an earthed neutral 
failure of the insulation of one phase to earth is practically bound to 
produce such a flash, while with an insulated system an earth on 
one phase shows on the leakage indicator, and there is, at any 
rate, a greater chance of isolating the section before any arc 
occurs. 

Reliability of Supply.—It is sometimes desirable to run certain plant 
even although it may be in a damaged condition. The stoppage of, 
say, a main haulage gear will disastrously affect the day's output of 
coal—a matter of very great importance to the colliery manager—and 
very possibly if the plant can be kept going for a few hours till the end 
of the shift, the fault can then be remedied without disorganising the 
working of the pit. In many such cases it may be perfectly safe and 
advisable to run, and as the majority of failures of colliery plant are 
leakages to earth, an installation with earthed neutral is likely to give 
more trouble than an insulated system. 

If leakage trips are indiscriminately used, it is probable that 
unnecessary interruptions from trivial causes may be sufficiently 
troublesome to prejudice the manager against electricity and lead 
him to adopt some other motive power. 

Leakage Tripping Devices.—Several very interesting devices have 
been recently put on the market arranged to cut off current as soon 
as any leakage current exceeding, say, } ampere flows. They 
are only designed for use on a system with a neutral earthed 
either directly: or through a resistance, and the current at which 
they operate can be adjusted to different values on different feeders 
as may be required. It is claimed that by using such switches in 
connection with armoured cables danger from shock and explosion 
is largely avoided, апа Mr. Wedmore * gave the results of some 
very useful experiments on cables which tended to show that 
with such a device and armoured cables it was very unlikely that 
a fall of the roof could so damage the cable as to cause flashing 
or arcing externally. Even without the leakage trips and with only 
the ordinary overload devices it appeared to be generally neces- 
sary to subject the cable to “successive blows of a heavy hammer " 
before flame occasionally issued, and apparently also high-tension 
supply was safer in this respect than medium pressure. In case a 

* Transactions of the Institution of Mining Engineers, vol, 38, pp. 416-430, 1910. 
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cable were actually suddenly severed, it seems hardly possible that 
a flash of sufficient energy to ignite an explosive mixture could be 
avoided, whether a leakage trip was installed or not, and particularly 
if the point of failure was comparatively near generating plant of large 
capacity. It must be borne in mind, however, that many cables are 
run in places where there is no danger of explosion or of mechanical 
injury. It must be also noted that these devices depend absolutely 
on the continuity of the armouring or earthing being maintained, and 
if through carelessness or other cause this is not done they afford little 
protection against explosion and practically none against shock. A 
motor standing on concrete foundations is on a very good insulator, 
and if the earth connection is broken or inoperative insufficient current 
would flow to operate the leakage trip in case of leakage to the motor 
frame, which would then be raised above earth potential (Fig. 4). We 
have previously seen that as long as earth connections are kept in good 


Generator Transformers 
for switch 


xQLeak to motor 


FIG. 4. 


1. System with leakage tripping device, and earthed neutral. 

2. Earth or leak on motor. Earth wire broken. Motor on concrete foundations, and practi- 
cally insulated from earth, hence tripping device inoperative. 

3. Motor frame at potential of one phase, with possibility of shock to surrounding earth due 
to phase voltage. 


order there is no danger of shock from motor or switch casings or 
armouring, so that while there are undoubtedly many cases in which 
a leakage device may be of considerable use there are also many others 
where it would not justify the increased expenditure and would pro- 
bably prove rather a nuisance. These devices, moreover, do not protect 
against shock from live terminals or from contact with a high-resistance 
leakage. 

Simplicity of Installation.—In the author's opinion the simpler the 
installation can be made the more likely it is to be kept in good work- 
ing order, and it has generally been found in the past that it is better 
to rely upon having good men to look after the plant and see that small 
details such as earthing, etc., are properly attended to than on automatic 
appliances, 

Stress on Insulation.—As long as a system with insulated neutral is 
in good order the stress on the insulation is 16 per cent. less than on an 
earthed system, so that under equal conditions its factor of safety is 
greater. There is no doubt also that much greater clearances and 
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creeping distances to all metal work must be provided where the 
neutral is earthed, to give the same factor of safety as on insulated 
systems, The advantage of the earthed system is that an earth on one 
phase soon isolates the faulty part, and does not increase the stress on 
the other parts of the system, while a similar occurrence on an insulated 
system doubles the stress on the other places and is likely to cause 
further breakdowns. This point is of greater importance on extra 
high voltages. 

Cost of Installation.—While not necessarily the first consideration, 
the question of cost in all engineering problems is of very great 
importance and one that will not be neglected by the colliery 
manager, whose business it is to get the best possible financial 
results. 

Where automatic oil switches are used, three relays, one in each 
phase, are needed with an earthed neutral, and only two with an 
insulated neutral. If many switches are needed, the difference in first 
cost may be considerable. 

The cost of armoured cable is often nearly double that of un- 
armoured, so that if these are run in places where there is no danger 
of accidental contact, damage from falls of roof or sets off the line, or 
of explosion, armouring is an unjustifiable expense. 

The cost of maintenance is generally of greater importance than 
first cost, and it is here that the simplicity of the installation is of 
primary importance. 

Conclusions.—No hard and fast rules can be laid down, and every 
case should be considered broadly on its own merits, but it certainly 
seems that generally an insulated neutral is better where permanent 
plant is at work and the cables are not very liable to mechanical 
damage. Where portable machines such as coalcutters are used, or 
- where cables are liable to frequent hard usage, it may be worth while 
to use automatic devices; and in this case, if a separate transformer 
were used to supply this plant, its neutral could be earthed (and prefer- 
ably through a resistance) without interfering with the remainder of 
the system. Such devices, however, will require constant inspection. 
There is another very important case which has not so far been con- 
sidered, and that is where small lighting transformers are used. It would 
seem desirable to limit the secondary pressure of these to 110 volts and 
connect either the neutral of one side directly to earth. Finally, the 
author wishes to disclaim any sympathy with the present scare in 
regard to the use of electricity in mines. It is necessary in a paper 
of this sort to consider how accidents can and may occur, but the 
number that actually do occur is extraordinarily small considering the 
present widespread use of electricity and the insufficient electrical staff 
employed in many collieries. The average number of deaths caused 
by the use of electricity in mines appears to be about r per cent. of all 
the accidental deaths in such places, and many of these cases have been 
due simply to pure accident or carelessness which nothing could have 
prevented. 
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DISCUSSION. 


Мг. J. G. WILSON : The keynote of the paper is that each case should 
be considered on its merits, but there is also, I think, a tendency on the 
author's part to advocate an insulated neutral, or at any rate to avoid 
the general practice of earthing the neutral. In fact, in his conclusions, 
the author says: “It certainly seems that generally an insulated neutral 
is better where permanent plant is at work and the cables are not very 
liable to mechanical damage." Those qualifications cut down the 
conclusion, because in the generality of work in mines portable tools 
are supplied with electricity underground, and cables underground are 
as much as any liable to mechanical damage. I would advocate the 
general practice of earthing the neutral, and would further say that 
whether the supply to the pit is transformed down from a supply 
company's system, or is generated locally, all underground cables 
should be armoured, and the armouring should form a continuous 
electric connection both to earth and to the neutral-point of the 
system. To take first the chance of damage from shocks, I ques- 
tion very much the first advantage claimed by the author that the 
danger of shock is reduced by an insulated neutral. Where the 
supply is anything like a large one to a scattered district of motors 
underground, it is in practice impossible to avoid leakages to earth 
occurring on one phase or another, and even where it is possible it 
could not be done continuously, and a safety which is available some- 
times only and not at all times is not a satisfactory kind of safety to 
count upon. Moreover, Mr. M. B. Field has pointed out* that even 
apart from earths on the different phases the tendency of the capacity 
effect is to keep the neutral-point of the system at or about ground 
potential, and that insulating is really no safeguard against shocks. 
He says: “ We also see that keeping the neutral-point of an extensive 
system unearthed is absolutely no safeguard against shock to a human 
being should he come in contact with one pole. The capacity effect is 
such as to render the earthed points stable, so that he would receive 
very nearly the full voltage across the body producing a corresponding 
current," But a more important question than that of shocks is that 
of danger from explosion by the ignition of gas or coal dust under- 
ground. Assuming that the installation is a good one, and that all the 
switchgear underground is of the modern enclosed type, perhaps the 
possibility over which the engineer has least control is the falling of 
the roofs in the workings on to cables underground. If the cable be a 
thoroughly well-armoured one it should stand a great deal of this, but 
if damage should occur to the insulation it is of absolutely the first 
importance that the supply should be cut off, and this is really the gist 
of the whole matter. If the neutral-point of the system is unearthed, 
the supply will not be cut off unless one phase is forced into contact 
with another ; and even then the current has to rise to a value perhaps 
double that of the capacity of the motors served by the cable, and 
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Mr. considerable heating and arcing inside the cable will occur, which 

МИЕ may result іп exposing ап arc outside of it. If, on the other hand, the 
neutral-point is earthed, the supply can be cut off quite instantaneously, 
either by a balanced protected system or more simply by a trip coil 
connected in series with the sheathing of the cable ; and this advan- 
tage of the instantaneous cut off of the supply is conclusive in favour 
of earthing the neutral-point of the system. The author has well 
pointed out the importance of the reliability of the supply, and under 
that heading he has very rightly suggested that a continual cutting off 
of the supply by these devices would be very harassing to a colliery 
manager. But the reliability of supply to a colliery is really most 
important in the department of winding and fans, both of which are 
done at bank, and neither of which, if the supply is properly arranged, 
would be affected by the tripping of an automatic switch in circuit 
with the underground cables. The temporary cutting off of the 
supply underground from haulages or even from pumps or coal- 
cutters, while exceedingly objectionable, should not, I think, be con- 
sidered where it is a question of actual danger to the mine by ex- 
plosion. With regard to the question of flashing to the casing of 
switchgear, I think that is really a question of the design of the 
switchgear, which is of the highest importance, but really separate 
from the main issue of the paper. I would advocate the earthing of 
the neutral in all cases of 3-phase supply to collieries. 

MER Mr. Н. W. CLOTHIER : At the present time the colliery industry has 
electrical details very much before it, and a decision as to the advisa- 
bility of earthing the neutral or not is one which is of great importance 
at the moment. In the author's table of the advantages of the respec- 
tive systems, it is claimed to be possible with an earthed neutral to 
isolate a damaged circuit, whereas with an insulated neutral the damaged 
circuit is not interrupted. To claim both these facts as advantages is 
contradictory. I think any system which allows a damaged circuit 
to remain in commission is defective. For instance, with unarmoured 
cables in mines on insulated neutral systems, if one phase goes down 
to earth, the potential difference to earth on the other two phases is 
raised to the full voltage between phases, and there is an imminent 
danger of the insulation failing in a second place, thus causing “ flash- 
ing" which is likely to be external to the cables ; when considering 
the question of explosions in mines the risk run thereby is obvious. 
Consider now the case of an armoured cable with an earthed neutral 
system ; the previous speaker has shown how by the falling of a roof 
on an armoured cable the chances are that the earthed armour- 
ing first makes contact with a conductor, and given a system of 
instantaneous protection we can release that faulty section before 
there is any likelihood of flashing external to the cable. I know of 
instances where there have been falls of roof on cables, and where, 
owing to the instantaneous isolation, it has been impossible to detect 
the place where contact was made between the conductor and earth. 
The illustrations in the paper, I am assured, should not be taken too 


1910. ] IN COLLIERY INSTALLATIONS : DISCUSSION. 569 


seriously. Fig. т shows a very unusual connection, and to my mind M 


would point, if anything, to the necessity of earthing the neutral-point 
of the generator. Also Fig. 3 is no argument against earthed neutrals. 
It merely shows the necessity of earthing in several places. I think 
we cannot have too many earth plates. Suppose that on an insulated 
neutral system one phase were to go down to the surrounding ground, 
then owing to the strata being insulated as shown by the author in 
Fig. 3, the danger exists of the stratum remaining alive without the 
fault being indicated on the leakage detector at bank. Moreover, it is 
even possible that a person might get a shock from two different strata 
separated by a coal seam if one phase were to fail to each stratum. 
The system of protection shown in Fig. 4 is that devised by Mr. Price. 
At first sight the figure might be taken as an instance where this system 
of protection fails, but the figure is incomplete because it does not 
show the metallic earth return. The figure rather reminds one of the 
importance of having a sound earth wire. I think theauthor's descrip- 
tion of the size of the earth wire is not a particularly happy one. He 
suggests it should be large enough to carry the load which would blow 
the fuses. Such a wire might be a comparatively small one, and really 
much too small for this purpose. The mechanical strength of an 
earth wire is a point for consideration. 

The cost of the system of leakage protection shown on Fig. 4 is 
little or nothing more than that of ordinary overload protection. The 
price comparison of unarmoured and armoured cables as given by the 
author also requires qualifying. He says that the latter are double the 
cost of unarmoured cables, but this is not always the case. For small 
cables the difference in cost may be as much as 40 or 50 per cent., but 
in larger cables it is only about 20 per cent, allowing for double 
armouring. With single armouring the difference would be still less. 
In conclusion, I suggest that (1) there should be a sound metallic and 
continuous armouring throughout the system, that is from the genera- 
tors to the load; (2) this armouring should be efficiently earthed ; 
(3) we should then earth the neutral, if only to obtain thereby a better 
and safer system of automatic protection. 

Mr. W. Н. PATCHELL : I would emphasise the great importance of 
the first half-dozen lines of the paragraph on page 562 referring to the 
earthing of metal casings. The protection put round the conductor 
should, in my opinion, wherever possible, be metallic and thoroughly 
well earthed, and that is much more important than the question of 
earthing or not earthing the neutral. The earthing should be thoroughly 
good and sound. A friend told me recently of an unfortunate accident 
which occurred where a man had, in a case of a damaged armoured 
cable, bared back the jute, lapped a wire round it, picked up a handy iron 
casting, lapped the other end of the wire round it, buried it, and went 
away thinking he had properly earthed the cable, and that there would 
be nodanger. Athinglike that brings discredit on the whole profession, 
because that man was at the colliery list as an electrician. After all, it 
is useless to have perfect safety appliances fitted unless the men who 
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have to look after the plant understand their business. If less money 
were spent on automatic safety devices, and more money on skilled 
attendants, I think there would be fewer accidents. We have heard a 
great deal, perhaps more or less indefinitely, of faults due to falls. 
It is very hard to trace the effects of a fall in a mine. Mr. Clothier 
said just now he had examined a case of this kind and could not see 
where there had been ап earth. What the risk is it is almost impossible 
to tell, but it is something that we must avoid, whether it is 1 in 
10,000, or т insomething less. I fortunately have escaped anything of 
the sort, which may be more by good luck than anything else, but my 
friends have been ready to put in good sound work every time. On 
inquiring of others who are interested in this class of work, I have 
never yet heard of a fault where there has been a flash due to a fall 
that could be directly traced to the fall. I do not say such a thing 
cannot happen, and I think electrical engineers should take precautions 
to prevent an accident from such an occurrence when it does happen. 
But what we are to do or how much money is to be spent to insure 
against the risk is, after all, a commercial proposition. In discussing 
transmission lines on page 560 the author mentions remarks by the 
President of the High Tension Committee of the American Institute of 
Electrical Engineers, but the gentleman to whose conclusions he refers 
is Mr. Charles Scott, of the Westinghouse Company, who was at one 
time President of the American Institute of Electrical Engineers. The 
remarks were in Mr. Scott's contribution to the discussion on Black- 
well's paper in connection with the work of the High Tension Com- 
mittee, and they were made in 1903. Whether the conditions are much 
altered since then depends also on what earthing we are speaking 
about. The matter was discussed again in 1907 by the American 
Institute, and as far as that discussion went, the speakers for some cases 
practically paired on earthing or non-earthing. The Chicago people 
said that they absolutely believed in earthing, and that their success 
was due to earthing. A New York man replied that their success in 
New York was due to non-earthing. The bulk of the evidence seemed 
to be in favour of earthing the neutral of a distributive system with 
star-connected transformers. In the American papers earthing is fre- 
quently referred to when it is not a question of earthing the neutral- 
point but of earthing one phase. In the National Electrical Code which 
constitutes the American fire insurance rules it is laid down that the 
transformer secondaries of distribution systems should preferably be 
grounded, and if there be no convenient place to ground the neutral, 
one phase may be grounded. Looking at the matter hurriedly one is 
apt to be a little confused by these two ideas. I think we must look 
the earthing matter fairly in the face. If the neutral be not earthed, 
there is a risk of something happening which would not happen if the 
neutral were earthed. But earthing introduces the chance of another 
abnormal thing happening, which would not have happened if the 
neutral had been insulated. So after all every particular case goes on 
its merits, and the operating and personal conditions must be con- 
sidered before deciding on this important question. 
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Mr. W. C. MOUNTAIN : The question whether the neutral should be 
earthed or not in connection with colliery work is an entirely different 
problem to the high-tension schemes referred to in Mr. Patchell's 
remarks. In connection with colliery installations, one has two main 
objects in view : (1) To ensure, as far as possible, that the lives of the 
men working underground should be protected by having the safest 
possible system ; (2) that the machinery installed underground 
should also work with the least possible risk of breakdown. It 
must be remembered that in colliery installations, whilst motors are 
occasionally run at a voltage as high as 5,000, the ordinary voltages 
are either 650, which comes within the limits of medium pressure, or 
3,000, which is the maximum allowed under what is at present known 
as high pressure; and the bulk of the work in collieries will be carried 
out at a pressure not exceeding 650 volts, except for larger motors in 
connection with heavy pumping and haulage schemes. As earthing 
the neutral merely limits the pressure which one would receive in get- 
ting a shock to 58 per cent. of the maximum voltage, it is quite clear that, 
as regards safety to life, nothing can be gained by earthing the neutral 
even on a voltage of 650, because this would only reduce the voltage of 
a shock to 375, which would be fatal in most cases. With the pressure 
of 3,000 volts, of. course the certainty of death would be greater still. 
Dealing with the question of mechanical breakdown, I believe that for 
all voltages up to the limit of medium pressure, Фе. 650, and 
probably up to voltages of 3,000, there is a distinct advantage in 
keeping the neutral insulated, 7.e., not earthing the neutral, 
because with a proper system of earth detectors, which can be used 
with an insulated neutral, it is possible immediately to detect the 
existence of an earth and to remedy it quickly. I have found, after 
many years experience both with continuous current and later with 
3-phase current, that in consequence of changes of temperature, 
accumulation of dirt on connections, and the fact that in some cases 
colliery motors do not receive the same attention as motors which can 
be more carefully examined in daylight, there is always a great 
tendency (when they are subjected to a constant pressure between the 
frame of the machine and the conductors due to earthing the neutral) 
for creeping to take place, which finally breaks down the insulation. 
I therefore believe that for practical reasons, except perhaps in instal- 
lations where the voltage is very high, and where there is a difficulty in 
getting the same comparative degree of insulation in the slots of the 
motors and on the windings as on medium pressure work, it is not 
desirable to earth the neutral There seems to be a great deal of 
confusion in the minds of men connected with the collieries as to what 
earthing really means, and when one speaks of earthing the neutral 
they are liable to confuse it with earthing the machinery itself. I 
consider and strongly recommend that anything of a metallic nature 
which is liable to be touched by any of the attendants, and which 
contains electricity, such as the motor frame and switchgear frame, 
should bc as permanently and absolutely earthed as possible, but in 
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Mr, — connection with earthing it requires to be made clear as to how these 
Mountain. Permanent and satisfactory earths can be obtained. There is very 
great difficulty in many dry mines in obtaining an earth, and under 
such circumstances, unless one relies upon non-earthing of motor 
frames and the maintenance of a high perfection of insulation 
throughout, it becomes necessary to consider the armouring of cables 
and using the armouring as an earth return. It is also possible to lay 
in the ground disused haulage ropes which can be permanently earthed 
to the sump and connected to the frames of the motors and switchgear, 
and this would form a very efficient arrangement. Of course, a further 
alternative is to have, in the case of unarmoured cables, an earth 
shield on the cable itself. I know I am not voicing the opinion of 
some of the leading colliery men in advocating this system of earth 
frames in preference to the maintenance of a high degree of insulation, 
and I was informed quite recently that in a prominent colliery in the 
Midlands where they have had fifteen coal-cutters at work on a totally 
unarmoured system, and the cutters have been running for twelve 
years, they have never had an accident of any kind. At one time they 
suffered from breakdowns of the motor coils and armatures, due to 
intermittent leakages, but now that they had taken precautions to 
ensure that any earth which might appear was immediately rectified, 
the coal-cutters had run almost without breakdown, and they cut as 
much as 15,000 tons of coal with one machine without taking out the 
armature or making any repairs. Personally, I believe in the use of 
armoured cables for colliery work, at any rate where there is any 
liability of accident due to a fall of the roof, but there are undoubtedly 
many positions in a colliery, such as in travelling roads and in other 
places where the roof is well supported, where it is not necessary to 
use armouring for mechanical protection, and under such circum- 
stances I think it is rather hard to insist upon the use of armouring if 
it is merely for the purpose of being able to use a protective device, 
such as the Merz-Price. There is no doubt, however, that where there 
is any risk of the roof falling and the cables becoming damaged 
armouring affords a very great mechanical protection, and I consider 
that generally for colliery work armouring is to be recommended in all 
installations where the voltage exceeds 650. It is only fair to state 
that in all my twenty-two years’ experience (during which I have 
installed a very large amount of cable underground), I have never 
known of the severance of an armoured cable through a fall of roof, 
and the experiments which were conducted in connection with the 
previous inquiry into the use of electricity in mines show how difficult 
it is seriously to damage or to cut a heavily armoured cable. Assuming 
that armouring is adopted, of course it enables a protective device to be 
used, and, whilst I do not for a single moment wish to depreciate the 
advantages of such devices when applied in suitable places, I do not 
think there are very many positions in an ordinary colliery installation 
where they are required. To my mind the use of an apparatus of this 
kind, which is automatic in its action, gives an altogether false sense of 
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security, and every one knows if one has to depend upon automatic gear 
such gear has to be very constantly tested and tried to see that it is in 
working order, and very often when required to work it is found to fail, 
therefore I consider it is far better to rely upon thoroughly sound 
mechanical work, constant supervision, and the use of proper earth 
detectors. To sum up the position finally, while I generally agree 
with the remarks as to the desirability of earthing the neutral in 
connection with high-tension central station schemes, I still fecl that 
for colliery work, knowing all the difficulties which exist, a system with 
unearthed neutral carried out in a sound mechanical manner is to be 
preferred. 

Mr. J. F. C. SNELL: Mr. Mountain has left me at least unconvinced 
on this question of the earthing of the neutral of 3-phase systems, 
and although I would bow to his very long experience in collieries, I 
think the matter he mentioned, namely, the slight creeping and leakage 
on motors which will set up a potential point of weakness, points to the 
necessity for apparatus which shall cut out at once such a point of 
weakness from the system. Mr. Patchell rather digressed in dealing 
with the system of earthing of transmission lines. We are dealing here 
with the earthing of neutrals applied to colliery installations, and I am 


bound to say that, after the very careful investigation which Mr. Patchell 


and I and a few others had to make on behalf of this Institution in 
connection with the new Coal Mines Regulations Act, I have felt it is 
imperative that the neutrals of 3-phase systems should be earthed. 
Nor does that interfere in any way, to my mind, with the complete 
simplicity of the system. If а complete system of armouring be 
coupled with it, it seems to me they will produce a thoroughly good 
distribution system, one which protects thoroughly the employees 
from danger of shock, and what is much more important, which 
minimises the danger of risk of explosion, either of gas or of coal dust. 
But the cables must be completely armoured, and I would suggest that 
all the joints ought to be thoroughly bonded and that the frames of 
fixed machines should be bonded to the armour as well, so that through 
the whole of the distribution system there would be a completely 
armoured and protected system providing a stronger cable in case of 
falls and practically eliminating the earthing troubles, and, in short, 
affording apparently complete protection against the many dangers 
which occasionally arise in certain mines. But, of course, it will be 
necessary to protect the armouring of the cable against corrosive 
waters. That is a question of design on the part of the cable manu- 
facturers. I was looking up the other day some of the notes in the 
Fournal of the American Instilute, and I saw there that armoured cables 
are protected by jute and what they call asphalt. I suppose the 
. following sort of thing does not occur in our English collieries, but one 
of the objections which one of the speakers had to the protection of 
the armoured cables by jute and asphalt was the fact that “the miners 
had a reprehensible habit of removing the jute from the armoured 
cables and using it for kindling fires.” Of course, we do not allow 
VoL. 45. 88 
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fires in the collieries in this country, but it is done in America. Inci- 
dentally the same reprehensible persons used “ to steal tbe oil from 
the transformer cases in order to relight their lamps." * The author 
goes on to say that armouring is an unjustifiable expense when 
certain things happen, such as no danger of accidental contact, or 
damage from falls of roof, or sets off the lines, or an explosion. It 
seems to me that in those four things are comprised practically all the 
dangers that exist in ordinary mines, and as I think one or other of 
them is always present in collieries it would seem that armouring is 
justifiable and is absolutely necessary. I think, too, armouring should 
be made compulsory in collieries, because if it be done only here and 
there the result is a patchy system. If a thoroughly armoured system 
be looked upon as the standard system of distribution in collieries, I 
believe it will go a long way to meet the present adverse criticism 
which is offered by some of the colliery officials in the matter of the 
electrification of collieries. The author said that “the cost of main- 
tenance is of greater importance than the first cost." І think this isa 
question in which the first cost is really quite immaterial. If the first 
cost will give a system which is immune from the dangers which 
occasionally arise in collieries and gives a greater feeling of security to 
the electrification of collieries, then I think it would do the whole 
electrical industry a great deal of good. It would bring about a feeling 
of security amongst the colliery people, and it will redound in credit to 
electrical engineers. I think the earthing of the neutral-point of the 
3-phase system, coupled with complete armouring, represents the safest, 
the simplest, and also the best method to adopt for this particular class 
of work. 

Mr. E. B. WEDMORE : I do not quite agree with the view taken by 
the author with regard to the statistics at the end of his paper. For 
those statistics to be of any value I think we ought to exclude all cases 
where there is no risk from electricity, and if that were done the per- 
centage would stand at a higher figure. It seems to me it lies with us 
to reduce that figure. I have had occasion to examine in considerable 
detail the statistics of fatal accidents given in the published reports, 
and the conclusion I arrived at was that, whilst it is true that in many 
cases pure chance or carelessness is responsible for them, yet in the 
majority of cases such accidents could have been avoided by the 
employment of a system such as Mr. Wilson and others have advo- 
cated this evening. I do not think we can look with equanimity on 
the regular list that is published, which spells hard calamity falling on 
too many homes in this country from year to year. Referring now to 
the general details of the paper, the arguments which Mr. Wood gives 
against earthing the mid-point fail in many cases, in that they are 
based on the use of defective systems. Figs. 1, 3, and 4 show systems 
of connections and methods of distribution which ought never to be 
employed. I hope it will not be thought that the system shown in 
Fig. 4, where a leakage device is included, was one of those advocated 
by me. The author seems to suggest that it is a proper course in 
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collieries employing a system with mid-point insulated to operate the 
plant with the insulation on one pole broken down. Опе needs a 
much stronger argument than love of money to justify that in the 
large majority of collieries. There are obvious potential elements of 
serious danger where one pole of the system has gone to earth. For 
example, at the moment it goes to earth an unusual stress is thrown on 
the other two poles, and is liable to find the weak points on them and 
bring about a short circuit, which in a colliery is a very much more 
serious matter than in a surface installation. It is alleged that there 
is need for better insulation, better creepage surfaces, and better 
clearances where the mid-point is earthed. I do not quite under- 
stand on what ground that argument is put forward. Surely the cable 
makers have advocated the use of more insulation on cables where the 
mid-point of the system is insulated. Again, there is a special risk ori 
high-tension systems with the mid-point insulated in the event of a dis- 
charge to earth, because that discharge is apt to be of an intermittent 
character. It will form an arc, limited by the capacity current of the 
system, but an arc which has capacity and self-induction in series with 
it, and which is liable, therefore, to be an explosive or humming arc 
which will set up high-frequency disturbance and find any weak points 
there are in the system. The argument with regard to the greater 
safety of operating with the mid-point earthed seems to be largely 
based on the suggestion that if it be not earthed the system may go to 
rack and ruin without having a shut down. I am unable to agree, 
moreover, that there is greater safety where the mid-point is insulated 
on an armoured system. It is true that if an individual section of 
armouring becomes isolated from the rest it may be thought there is a 
greater safety where the mid-point of the system is insulated, but what 
happens if two or three sections become isolated, as has been known 
to occur? Immediately one good earth occurs on the system any of 
these isolated sections that happen to be leaking to the other pole 
become alive with full potential to earth. The author indicates, as 
Mr. Patchell has emphasised, the safeguard that can be obtained by 
providing a substantial metallic. cover to switches, motors, and all 
such devices. I submit that the logical conclusion is to continue that 
substantial metallic cover over the whole of the electric plant, and 
earth it at one or more points. If that is granted then I think there 
are good arguments for the leakage devices. These have been referred 
to as unnecessary complications. I think that has arisen partly from a 
misunderstanding as to the character of the devices which have been 
advocated. In the ordinary course, if the mid-point of a system is 
earthed one would employ three current transformers and three trip 
coils to control the three phases. Моге often than not some delaying 
device would also be employed on each of the three phases. In the 
system which I had the honour of describing before the Mining 
Institute at Barnsley I pointed out that a positive simplification 
could be obtained by a modification of the arrangement which gives 
at the same time a discriminating action against faults to earth. My 
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proposition was to transfer one of the usual trip coils into the lead 
common to the three transformers. For that coil there is no necessity 
for a time limit device, so that one such device is saved. "That coil can 
then be set to operate instantaneously at a fraction of the normal load · 
current, instead of at two or three times the normal load current with 
delayed action. If one wishes to carry the sensitiveness further, a 
relay can be substituted for the trip coil, and that is a very simple 
addition ; but if that addition be made the setting can be reduced to 
2 or 3 per cent. of the normal full-load current. The experiments 
which I had the pleasure of detailing in my paper indicated that if a 
really sensitive device of that kind were employed for giving protection 
against faults to earth, a damaged cable could be disconnected with 
extraordinary rapidity ; in fact, in some instances one could switch the 
supply on to the damaged cable five or more times before the leakage 
to the armouring developed into a real short circuit capable of affect- 
ing the usual overload devices on the system. With reference to the 
leakage device referred to by Mr. Wilson, consisting in the use of a 
coil in series with an earthing wire, it seems to me that that arrange- 
ment is fundamentally defective, because it introduces resistance and 
reactance into the return wire, and if that wire be made to carry the 
leakage current there will necessarily be a heavy drop of potential, and 
the armouring of the cable or apparatus connected to the remote end 
becomes alive. | 

Mr. Н. M. SAYERS: I am on the side of the earthed neutral, which 
on a 3-phase system serves two main purposes. The first is that 
it ensures a definite distribution of the potential, so that the designer 
of all the apparatus in use on the circuit knows what he has to deal 
with. He can distribute his insulation to meet the stresses; he can 
therefore distribute the insulation which he can afford in the most 
economical and efficient way. If the designer has to deal with an 
unearthed neutral, then in order to provide equal safety he must 
insulate everything for the full potential that can come upon it under 
any circumstances. This implies either a lower factor of safety or 
more insulation. I claim that the earthing of the neutral affords a 
distinct addition of economy and efficiency in the use of insulating 
material for that reason. The second effect of earthing the neutral 
is that it provides a constant watch upon the insulation of the whole of 
the system, every branch of the system. Unless there is such a watch, 
faults may develop, and remain at comparatively high resistance, and 
fail to be detected until some unfortunate person puts his hand upon, 
or brings a tool in contact with a faulty cable. I can say from my 
own experience that in a hot, wet colliery a 1oo-volt continuous 
contact to the hand is more than I can tolerate, and many people 
are equally sensitive to shock. Certainly 250 volts I should expect to 
be fatal to nine people out of ten under the conditions of high 
temperature, wet skin, wet surroundings, and wet boots and clothes. 
I think that destroys the advantage claimed by the author for the 
insulated neutral as regards danger of shock. Advantage No. 2 of 
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the earthed neutral, “Leakage to earth probably results in isolation 
of the damaged circuit,” should be put more strongly. It is onlya 
matter of having proper devices to ensure that leakage, as discriminated 
from overload current, positively ensures the isolation of the damaged 
circuit. Mr. Wood suggests that what he calls the full-line pressure 
may be put on to two phases with neutral earthed under the conditions 
shown in Fig. 1. I challenge that. I say positively that the distribution 
of the voltage shown on the high-pressure side of the transformer 
in Fig. r is impossible. Further, under the circumstances there 
depicted, the pressure of the generator drops considerably, and any 
reasonably efficient overload device or leakage tripping device on the 
circuit would operate. At all events, the connections are obviously 
incorrect. I cannot understand under what conditions the first indica- 
tion of something being wrong in a system with an earthed neutral 
would be arcing at the lightning arrester. I can quite understand that 
it might occur with an insulated system. With regard to Fig. 3, the 
trouble could not occur if there were thoroughly earthed armouring on 
the cable throughout, and that is the proper precaution to take against 
such dangers. I am very glad that the unanimous opinion of all those 
who have joined in the discussion this evening is that a completely 
armoured system is the proper one for standing work. Mr. Mountain 
made a distinction between movable and permanent apparatus. For 
movable machines special precautions may be necessary, but there 
are such things as flexible armoured cables. [Mr. MOUNTAIN : Yes, 
but you would not like to use them yet.] I suggest that the author's 
remedy for the state of things depicted in Fig. 3 of local earth-plates is 
one which might produce other serious troubles ; for instance, if the 
earth wire to bank parts, or carries a heavy leaking current. There 
are earthed signal wires in collieries sometimes, and if they bridge 
a high resistance stratum there may be trouble. I believe deaths from 
shocks from signal wires have already occurred in collieries, and that 
is a thing we ought to prevent. The scare, so far as it exists, about the 
use of electricity in collieries is mainly on account of the electrically 
ignorant man, who may come in contact with something dangerous, 
which gives no warning and may hurt him. 

Mr. Н. BrazıL : Mr. Wilson has forestalled me in some of the 
points I was going to raise, and I should like to emphasise his 
remarks as to the danger of shock from touching any pole of a 
3-phase system with the neutral-point insulated, by saying that owing 
to the capacity of the system, it is not a possibility but a certainty 
that a severe shock will be experienced. Mr. M. B. Field, in the 
original communication to which Mr. Wilson has referred,* further 
points out that although if the system is perfectly balanced and the 
insulation of the three poles is equal, the neutral-point of the system 
may be at earth potential, there is no certainty about it. If, therefore, 
we compare the two systems, it will be seen that with the neutral 
insulated, it is not safe to touch any of the three poles or the neutral- 

* Sournal of the Institution of Electrical Engineers, vol. 41, p. 200, 1900. 
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point, whereas with the neutral earthed, at least one of the four points 
will be safe to touch. In earthing, also, the question has not been 
raised whether it is best to earth direct or through a resistance. I am 
of the opinion that earthing through a resistance is far preferable, as it 
renders the shock to the system at the time a fault occurs very much 
less, and yet at the same time limits the rise of pressure due to surges 
and resonance in just as efficient a manner as with the neutral earthed 
direct. In the discussion on Mr. Rider’s paper, I described an earthing 
resistance of the carbon powder type which was very suitable for the 
purpose, in that it allowed a comparatively small current to flow to 
earth when a fault occurred, but as it became hot reduced in value and 
allowed just as much current to flow as was required to trip the 
automatic. The resistance at the time referred to was, more or less, 
theoretical, but since then one has been made, and is in use on a large 
11,000-volt system in the North of England. It consists of 72 fire-clay 
troughs filled with carbon powder and arranged 9 in series and 8 in 
parallel. With 6,000 volts—the voltage to earth on above system— 
across its terminals, the current at the moment of switching on will be 
200 amperes (1,200 k.w.), and at the end of 1 minute, if the automatic 
has not broken circuit, 330 amperes (2,000 k.w.). The great advantage 
of this resistance is that although the current, and therefore the shock to 
the system, is comparatively small, it will, if the pressure is maintained 
across it, allow any current within reason to flow, and the automatics 
are only called upon to break the current for which they are set, 
instead of ten times that amount, which might be the case with the 
neutral earthed direct. 

. Mr. C. Н. WORDINGHAM : I was brought up in the school of our 
President-elect, Mr. Ferranti, who was the pioneer of earthing, as of so 
many other things. I suppose I have been trained to the idea that 
earthing affords security, and I am bound to say I see no reason to 
modify that feeling. The plan of action is deliberately to earth a con- 
ductor and know it is earthed, and then if anything else happens it 
must meana short. In the case of a 2-wire supply the work is done at 
maximum stress and the conditions are known to be the worst possible, 
for when both poles are insulated and one pole goes to earth the stress 
on the other is suddenly doubled, with breakdown of one or more weak 
places in consequence. "Therefore I strongly endorse everything that 
has been said as to the safety of earthing. But I also consider direct 
earthing to be the only effective method. It has always seemed to me 
a weak point in central station work to earth the middle wire, but to 
put a resistance in, or cut one in when a fault comes on, it amounts to 
saying that earthing is done to provide for emergency, and directly the 
emergency arises a resistance is put in which partly destroys the effect 
of earthing. therefore strongly advocate the practice of direct 
earthing, and not earthing through a resistance. One point which 
naturally arises is the difficulty of finding an efficient earth. I know 
that one of the Committees of the Institution has found it difficult to 
lay down rules on the subject. | 
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Mr. S. Z. DE FERRANTI : I do not want to offer, at this late hour, any 
argument as to the desirability of earthing; I simply want to repeat 
what I have often said before in other circumstances with regard to 
earthing. Ithink that in the present case it is most desirable to earth 
the neutral-point thoroughly, and, in addition to this, substantially to 
cover and enclose the whole of the rest of the parts carrying at high 
potential. In addition, I would say that it is most important to carry 
out this class of work thoroughly well. 

Mr. S. EVERSHED : I wish to add one word on the side of those who 
would at all events endeavour to enclose effectively all parts in a 
metallic sheathing, armouring, or some such device, not only on the 
cables, but on the gear. 

Professor D. ROBERTSON (communicated): In my opinion the 
neutral-point should be earthed in every case, as the balance of 
advantages is in favour of doing so. So far as shock is concerned, 
an insulated system will be virtually earthed by the capacity of the 
system, seeing that the current required to produce a serious shock is 
so small, while any slight leak in one main will make the others more 
dangerous than they would be in a system with its neutral earthed. 
I fail to see how the author gets the 16 per cent. advantage in favour 
of the insulated system in the matter of insulation strain (pages 559 and 
565). The stress between the mains is the same in both cases, and if the 
neutral-point of the insulated system happens to be at earth potential 
the stresses between each and earth will also be identical in both. 
But if, as is more likely to be the case, one of the mains or the 
apparatus connected to it is more leaky than the others, the potential 
of those others will differ more from that of earth than in the earthed 
system, and the strain in the insulation will be greater, not less than 
with the latter. The best use is made of the mains when they are all 


at equal potentials relatively to earth. If it pays to insulate one main · 


for a certain voltage, it will also pay to insulate the others for that 
voltage, and the copper is not transmitting all the power it might if 
used at a lower one, When the neutral is earthed the potentials to 
earth are symmetrical, and we can have less insulation or a greater 
factor of safety than when they are not. The smaller liability to flash 
over to the metal casings with the insulated system, to which the 
author refers, is due to the fact that this system is very kind to its 
weakest part as regards insulation from earth, for it adjusts the 
potentials so as to throw the burden of the strain on the other mains, 
and no arc can be formed so long as the rest of the system is good. 
The fault does not cause any particular inconvenience or give any very 
obvious indication of its existence, and in very many cases it will be 
left undiscovered, or unremoved, until another develops elsewhere, 
when the results will be at least as bad as on the earthed system. 
Meanwhile, the insulation has been strained anything up to 73 per 
cent. above the normal, and the other mains have been in a more 
dangerous condition than they ought. That is the great objection 
to unearthed systems; even in well .conducted establishments the 
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condition of having one main earthed through a fault is very apt to 
become the normal rather than the exceptional one. Mr. Wood's 
objection to the earthed system, given on page 561 and Fig. 1, is cer- 
tainly not a valid one, for no one who knew what he was about would 
ever allow 3-phase transformers to be connected in the way shown. 
Unless there is a fourth conductor in the primary system joining 
the neutral-points of the generators and transformers, the primaries 
should always be mesh-connected, and certainly the double-star 
arrangement should never be used. The triple-frequency currents 
circulating between the generators running in parallel with their 
neutrals connected can be avoided in new systems, for it is quite easy 
to make an alternator whose E.M.F. wave will have no third harmonic. 
For a 3-phase machine it is only necessary to have 9 slots per pole, and 
to connect them so that any one and the second ones from it form 
one phase, instead of connecting adjacent ones, as is usual. The 
relative value of those harmonics whose order is a multiple of 9 will 
be slightly increased by doing so, but all the other multiples of 3 
will cancel out. Most of the other harmonics will also be reduced 
relatively, the 5th, 13th, 23rd, 31st, 41st, and 49th being only about one- 
third as important as with a concentrated winding ; the 7th, 11th, 25th, 
29th, 43rd, and 47th about one-half ; and the 17th, roth, 35th, 37th, and 
51st exactly the same. 

Mr. A. F. STEVENSON (communicated) : Whatever one's precon- 
ceived ideas may have been, actual contact with colliery work brings 
one into line with the author's summing up of the case, namely, that it 
is generally preferable to insulate the neutral. In the event of a motor 
or armoured cable failing on an earthed neutral system at a time when 
the plant must be kept running, this can be done by removing the 
earth wire or bonding : the temptation is great—in fact, I have known 


` very competent men succumb to it. In this case the motor or the 


armouring is in a highly dangerous condition, whereas if the neutral 
were insulated they would merely be a source of unpleasantness. On 
the introduction of leakage indicators, as ordered by the Home Office, 
it was found that shocks were much more severe than had been pre- 
viously the case, with the result that in many cases the instrument was 
left disconnected, except when the inspector was about. With regard 
to automatic devices, my own experience is that they are only of use 
where the “good man” has charge of them, otherwise they will be 
wedged or tied up so as to stop their being a nuisance. It is in the pit 
where the staff is insufficient that the simplicity is needed. 

Mr. J. S. PEcK (communicated): On page 561 reference is made to the 
instability of the neutral-point on star-to-star connected transformers. 
This is correct where three separate transformers are used, or where 
the 3-phase transformer is of the shell type or of the Berry type. Such 
transformers should never be connected star-to-star, unless the neutral- 
points of generator and transformers are earthed or are connected 
directly together, for a short circuit on any phase reduces the voltage 
across this phase to zero, and increases the voltage across the other 
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two phases to 1°73 times the normal value. As a result the transformer 
across the short-circuited phase runs cool, and the others usually heat 
excessively. The delta-to-star connection is greatly to be preferred 
over the star-to-star system for transformers of the above types. With 
the core type 3-phase transformer the neutral may be considered stable 
even with the star-to-star connection, for a short circuit across one 
phase will cause excessive currents to flow in the other phases, and so 
trip the breakers. With the neutral-points of transformer and motor 
both earthed it is possible to transmit 3-phase current in the event 
of one line conductor becoming open-circuited, while with unearthed 
neutrals, or with the neutral at only one end of the circuit earthed, 
only single-phase current can be transmitted with one line conductor 
open-circuited. On page 565, under “Stress on Insulation,” the author 
states, “ As long as the system with insulated neutral is in good order, 
the stress on the insulation is 16 per cent. less than on an earthed 
system.” As long as both systems are perfectly balanced I can see no 
difference in the stress, whether the neutral-point be earthed or not, 
for the neutral-point is at earth potential, and connecting it to earth 
can have no effect in redistributing the stresses; but if with the 
unearthed neutral one of the phases has a greater capacity to earth 
than the others, or if there is a slight leakage to earth on one phase, 
the potential of this phase will fall, and that of the other two phases 
will rise, the limit being reached when one phase assumes earth 
potential and the other two the full potential above earth. 

Mr. F. О. HUNT (communicated): With reference to Fig. 4 in the 
paper, and in view of the fact that there appears to be a tendency on 
the part of some engineers to regard leakage tripgear as a complete 
solution of the safety problem, it may be desirable to place on record 
some figures relating to the length of time which, by reason of the 
inertia of the switch parts, must elapse before the action of the trip- 
gear can cause isolation of the faulty section. By means of an 
oscillograph record during a short-circuit test of a turbo-alternator at 
a local colliery it was found that nearly three periods elapsed between 
“make” and “break.” . (The automatic free handle oil switch was 
driven home with a dead short already on the mains.) As the periodi- 
city at the time was 40 per second, this indicates a duration of about 
ту second, which would be quite long enough for the ignition of gas or 
coal-dust if they were present at the fault. The credit for the above 
oscillograph record is due to the staff of Messrs. C. A. Parsons & Co. 

Mr. W. BOLTON SHAW (communicated) : There seems to be a good 
deal of difference of opinion, or absence of opinion, amongst electrical 
engineers in general on the question of earthing the neutral of 3-phase 
systems. I have had some seven years’ experience of the working of a 
large 3-phase colliery plant with earthed neutral and also of a direct- 
current installation at the same colliery worked on the earthed con. 
centric system, and may therefore claim to have had special 
opportunities of observing the results of earthing. In my opinion 
the advantage lies with the earthed neutral, but it should be worked 
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in conjunction with armoured cables and switch-boxes, etc., having 
their casing solidly connected to the armouring which should be 
earthed at the generator end, and so connected to the neutral. With 
this arrangement, a leakage to earth almost always develops at once 
into a short, and brings out the circuit breaker, thus isolating and at 
the same time locating the faulty circuit. The risk of fire from a 
momentary short circuit, especially when confined within an earthed 
envelope, is very much less than from a continued leakage. The 
opening of the circuit as a result of leakage has three great practical 
advantages over a mere indication on a leakage indicator. It stops 
the trouble at once ; it shows which circuit is defective, and is there- 
fore a great help in locating the position of the fault ; and it prevents 
the circuit from being worked with the fault still on it. With the 
leakage indicator it is usually necessary, in order to locate the faulty 
circuit, to open one circuit after another on the switchboard until the 
faulty one is discovered, and this can seldom be done immediately 
without causing great inconvenience and even risk due to the stoppage 
of the supply without pre-arrangement. "When the leakage has been 
located, there is a very great temptation to go on working, because it is 
possible to do so, rather than stop an important motor. With regard 
to shock, I think that the advantages claimed by Mr. Wood for the 
insulated neutral seldom exist under ordinary working conditions on 
an installation of considerable size. There is almost always a certain 
amount of leakage on the system from phase to phase wd earth, and 
this is recognised by the present Home Office rules which permit a 
leakage current of t1555 of the maximum supply current. The leakage 
indicator does not indicate the amount of this leakage but only shows if 
itis out of balance. When it is not much out of balance, the neutral- 
point will be very little different from earth potential. A person coming 
in contact with any one phase merely shunts a portion of the leakage on 
that phase, and unless the leakage is extremely small the effect on the 
potential difference between that phase and earth will be slight. The 
voltage of the shock he receives will therefore be practically the same 
as in the case of a system with earthed neutral. For a momentary shock 
20 per cent. to 30 per cent. difference in the voltage is hardly worth 
considering, and in the case of a man unable to release his hold on a 
live conductor, it simply means that the agony may be somewhat pro- 
longed before it results fatally. Danger from the flash due to a short 
is minimised in the case of switches, fuses, etc., by the flame or gas- 
tight cases required by the electricity rules. I am strongly in favour of 
using paper lead-covered armoured cables wherever practicable. I 
have had very heavy shorts occur on this type of cable, and it has not 
shown any signs outside the lead covering. Armouring does, no doubt, 
add to the cost of cables, but it has the great advantage of providing a 
substantial and visible earthed conductor to which all frames and 
coverings can be connected. It also adds greatly to the durability and 
mechanical strength of the cable, and the latter can be moved from 
one road to another, as is often necessary, with much less risk of 
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damage than unarmoured cable. АП cables are required by the Home 
Office rules to be periodically examined, and there should be no 
difficulty in seeing where corrosion is taking place. The careless 
leaving of earth connections unconnected is much less likely to happen 
with the armouring of cables than with the small wire connections to 
motor frames. Where the switch and other boxes are designed so that 
the earth connection to the armouring is in the form of a clamp form- 
ing an integral part of the box there is very little likelihood of this 
happening. The size of earth wires should be determined with a view 
to mechanical strength as well as current-carrying capacity, and in my 
opinion it is advisable to have them stranded. When transmission 
lines having an earthed neutral are carried on iron posts it may be 
advisable to connect all the posts together by an earth wire which can 
be fixed above the line wires, and so serve as a lightning guard. The 
reason why I suggest this is that I had an experience of a live wire 
breaking away from an insulator and falling on the cross-arm, which 
was iron as well as the post. The post was set in the ground without 
concrete, but had attached to its lower end anchor or fin plates of con- 
siderable area giving a reasonably good earth contact. The voltage of 
the line was 3,300, but the resulting fault was not sufficient to trip the 
overload circuit breaker, which was set for about 80 amperes. I found 
on measuring the earth resistance between two adjacent posts which 
were 56 yards apart that it amounted to about 40 ohms, and was practi- 
cally the same between posts 3 spans apart ; so that between the neutral 
earth and any post the resistance would be above 20 ohms. In addition 
to this the neutral was earthed through a 12-ohm grid resistance. 
Taking into account the drop in voltage due to the fault, I think the 
comparatively high resistance of the earth circuit would quite account 
for the limitation of the fault within the range of the overload setting. 
I do not think a resistance in the earth connection to the neutral of a 
high-tension system serves any useful purpose. The argument that it 
prevents an excessive current when a short to earth occurs seems to me 
to be against rather than for it. In any case, a short between phases 
produces a much larger current, and there is no serious difficulty in 
coping with this. Regarding the earthing of the neutral with generators 
running in parallel, I have found the system of having the neutral of 
only one generator switched on to the earth bar at a time to work 
perfectly satisfactorily. There is a rather curious effect produced 
where generators are paralleled by a bank of lamps cross-connected 
direct on to the busbars. If the incoming generator is run up with its 
neutral earthed as well as that of the running machine, the lamps show 
an intermediate bright point first on one set and then on the other 
between the in- and out-of-phase positions. This may be mistaken for 
the “in-phase” position, and lead to the machine being switched in at 
120° out of phase. 
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DISCUSSION AT NEWCASTLE, APRIL 4, I9IO. 


Professor W. M. THoRNTON : Mr. Wood has referred to American 
practice. It is quite common in America to use the * Delta” system, 
there being no need in that country to take the same precautions as in 
England. Regarding limitation of voltage, I have known fatal shocks 
when the voltage was as low as 8o, but in underground work 150 volts 
would be about the point where fatal shocks begin, and therefore the 
voltage should not be above 120. I think it advisable to have efficient 
earthing in every seam, and as many earth-plates as possible. 

Mr. J. G. WILSON : In my experience on large systems where the 
neutral-point is insulated, there is usually sufficient leakage to make it 
dangerous to touch any phase. When earthed neutrals are used, 
every one is aware that there is danger in touching any live part. I 
am of opinion that armoured cables are the correct practice, and with 
them there is a very strong argument for earthing. If the neutral be 
not earthed there will be no certainty that any cut-out will cut off the 
supply, but if it be earthed the supply will be cut off immediately. 

Мг. Н. W. CLOTHIER : I strongly advise earthing the neutral on the 
3-phase system. With earthed neutrals it is not necessary to have 
a leakage indicator, which is often a nuisance. I am pleased to hear 
that in the case of power taken from supply companies, the author is in 
favour of earthed neutrals. Regarding limitation of voltage, I think 
about 50 or 25 volts is the best pressure for lighting in mines. I agree 
with the previous speaker as to the importance of armoured cables. 
Regarding Fig. 5, I think this makes evident the necessity for numerous 
earth-plates. 

Mr. F. О. Hunt: The severity of a shock with a given frequency is 
a question of the size of cable employed. With regard to Fig. 2, 
showing leakage indicators, Mr. Wood seems to prefer the Nalder 
type to the electrostatic type. With reference to limitation of voltage, 
a case has occurred where a labourer whose hands were soaked was 
unable to release his hold of the conductor with a voltage of only 30. 
With automatic leakage trip-gear, owing to the number of parts in the 
automatic switch, a certain time must pass before it operates, and that 
time lag is more than sufficient for a flash to ignite gas or coal dust. It 
seems from the paper that automatic tripping devices can only be 
applied where the neutral-point is earthed, but there should not be any 
great difficulty in devising means to operate automatic trips even where 
the neutral is insulated. 

Mr. C. S. VESEY Brown: The earthed neutral is a good fault-finder. 
Personally, I always earth, but I often have great difficulty in obtaining 
a good earth connection. 

Мг. G. L. PORTER: It is possible that the drop near the earth-plates 
may be due to the cross-sectional area of the current path near the 
plates, and not to electrolytic effects. 

Мг. W. W. Woon (in reply): I am glad to see that although a number 
of speakers are in favour of invariably earthing the neutral of any 
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colliery plant, several of those more intimately connected with mining 
work agree with my conclusions that each case should be considered 
on its merits, and no such hard and fast rule laid down. There seems 
to be rather a tendency to consider the question from too narrow a 
standpoint, and to assume that all colliery installations are of large size, 
supplied at high pressure, and run on the lines of a supply station. It 
must not be forgotten that there are a very large number of low-tension 
installations of small size, and that the conditions under which acolliery 
generating plant is run vary widely from those of the average central 
station. Local considerations affect the working of almost every 
colliery, and while I have been interested in the various criticisms of 
my paper, no arguments have been put forward in the discussion which 
would lead me to alter my original conclusions. Mr, Wilson points out 
that there is a possibility of receiving shock from touching one con- 
ductor and earth, even on a completely insulated system, due (1) to the 
tendency of the neutral point to remain fixed owing to the capacity of 
the system and (2) to the fact that there must be slight leakage on other 
phases of any practical installation. Both of these points were referred 
to in my paper, but Mr. Wilson as well as several other speakers fail 
to mention with regard to (т) that the current which could traverse 
even a body of no resistance cannot exceed the charging current, and 
on many colliery plants would be only a few milliamperes. Now, if 
shock is received (as in the case of making contact with one phase and 
earth, on an earthed system) with plenty of power behind, when once 
the resistance of the skin is broken down a heavy current can traverse 
the body, giving a comparatively high-current density throughout it, 
and great tendency to damage vital parts. Again, even when the skin 
is not damaged considerable current can flow if a large area is in 
contact with the electrodes. When, however, the current that can 
possibly flow is limited (as in the case of capacity effect, or slight 
leakage on other phases) conditions are very different, as a small 
current has the large area of the body to carry it, with consequent 
reduction of current-density and of danger of damage to vital organs. 
Mr. Chattock, in the discussion of Mr. Rider's paper recently read 
before this Institution, mentioned several cases in which workmen had 
made contact with the outer of even high-tension insulated systems and 
earth, and survived the effects, while on a system with earthed neutral 
they would certainly have been killed. 

In many cases, therefore, while the leakage or capacity-current 
would be sufficient to deter any one from treating live terminals with 
contempt, it is obvious from the reasons given above that with an 
insulated system there is undoubtedly less danger of fatal result from 
shocks to earth. 

With regard to the protection afforded by leakage trips against 
explosion caused by damage to cables carrying current, it must be 
noted that armoured cables are necessary to make the trips effective, 
and that the results of the experiments referred to by Mr. Wedmore 
show that in any case it is difficult so to damage an armoured cable as 
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to produce flashing externally, and further than this, no case is on 
record of any fire or explosion caused in this way. In addition, these 
devices depend absolutely on the continuity of the armouring being 
maintained, and as the water in many collieries attacks armouring and 
eats it away very rapidly, it would be very inadvisable in such pits to 
install armoured cables or to rely on them for operating leakage trips. 
Mr. Clothier refers to what he describes as contradictory advantages 
claimed for the rival systems of earthed v. insulated neutral, but it is 
one of the points in favour of considering every case on its merits, that 
the advantages of either system considered from another point of view 
may be its disadvantages also. 

The question of leakage trips and explosion I have dealt with above, 
and the comments on Fig. 1 I shall refer to later. Fig. 3 is intended to 
show the necessity for a number of earth-plates, and that an earth wire 
to bank, without earth-plates in every stratum, may be a serious source 
of danger. Incidentally it again illustrates the point that where with 


earthed neutral dangerous conditions may occur, if the neutral be 


insulated an additional safeguard is present. It is necessary again to 
distinguish between (1) earthing the neutral and (2) putting down a 
number of earth-plates and having an earthing system with connections 
to all metallic casings, a practice I strongly recommend. The fact that 
in Fig. 4 only an earth-wire and no armouring is shown has been 
criticised by several speakers. This was done to make the diagram 
clearer, and exactly the same conditions hold good whether an ordinary 
earth-wire is used, the armouring of the cables, or any other method of 
earth connection. The real point is that as long as the earthing is good 
it is not possible to get a shock either with an earthed or insulated 
neutral, but the moment the earthing fails dangerous conditions arise 
which are more dangerous with the earthed neutral, and against which 
the leakage trip is no protection. The necessity for a mechanically 
strong earth-wire protected from corrosion seemed so obvious that I 
omitted to call attention to it. I regret that I did not give a fuller 
reference to the source of my extract from President Charles Scott's 
remarks on earthing the neutral, but Mr. Patchell has supplied this, and 
although his (President Scott's) remarks were made in 1903, conditions 
are still very much the same, if one is to judge by the paper recently 
read by Mr. Marchant and Mr. Watson before this Institution.* Speaking 
of high-tension transmission only, after giving various theoretical advan- 
tages of the star connection they state : “ In spite of this, however, delta 
connection is very much more common than star, and at the Great 
Western Power Company's Station, where a change from 60,000 to 
110,000 volts was made on October 1, 1909, the connection was altered 
at the same time from star to delta. No practical difficulty of over- 
heating due to circulating triple frequency current appears to be 
met with in this arrangement, nor does the variability of the neutral 
point appear to have any appreciable effect on the working of the 
system." 
* journal of the Institution of Electrical Engineers, vol, 44, p. 423, 1910, 
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I am glad to see that Mr. Patchell and Mr. Mountain agree with the 
conclusions I have put forward. 

Mr. Snell certainly describes a very ideal system, but one which in 
many cases would involve an unnecessary expense, and probably bar 
the use of electricity in many places where it could be advantageously 
and safely employed. 

In connection with Mr. Wedmore's remarks, I have also spenta good 
deal of time going through the Home Office reports, and a point that 
struck me very much was, that if a man was killed by a fall of roof or 
was crushed between tubs not much notice was given to the matter, 
but if he was killed from electrical causes it attracted an altogether 
disproportionate amount of attention. The fact that during 1908 approxi- 
mately 1,280 people were killed in mines and colleries from all causes, 
and only about 14 from electrical causes (of which 14 some were pure 
accidents and some wilful carelessness), conveys more to the mind than 
the statement that the deaths from clectrical causes average about 1 per 
cent. of the total deaths. | 

Replying to Mr. Sayers's challenge to Fig. 1, if he will refer to 
the discussion which took place on a paper presented to the American 
Institution of Electrical Engineers by Mr. F. O. Blackwell, he will see 
that Mr. P. N. Nunn, the engineer of the Telluride Power Company, 
stated that the conditions described in this diagram not only could 
occur, but frequently had occurred on his system, which was connected 
as shown on this diagram, and several other speakers also confirmed 
this. The reason the lightning arresters arced over and were the first 
signs of anything wrong was because these arresters were set for the 
normal working conditions of a maximum voltage of 58 per cent. of 
the line volts between any point and earth, and owing to the abnormal 
conditions which had arisen there was, as a matter of fact, the full line 
voltage between the two phases and earth. I do not recommend the 
connections shown in Fig. r, but have called attention to them to show 
that before relying on an earthed neutral for protection it is necessary 
to consider fully the local conditions of every case. 

In reply to the point raised by the same speaker as to the advantage 
of the earthed neutral enabling the designer to know the exact voltage 
which he has to deal with, and distributing his insulation to meet the 
same, this of course is quite the case on extra high voltages, but on the 
average colliery voltage, say either 650 or 3,000 volts, the difference to 
the designer is quite negligible. 

With regard to Mr. Wordingham's suggestion that there should be 
no half measures, and the neutral earthed with as low a resistance as 
possible, such a practice seems more suitable for a supply station than 
for the average colliery installation, where the object is to reduce any 
liability to flashing or arcing underground as much as possible. 

Replying to Professor Robertson, in a system with insulated neutral 
the tendency for current to flow between phases, due to the line 
voltage, is resisted by two equal sets of insulation in series. With 
earthed neutral, line volts/1°73 are only resisted by one set of insulation, 
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hence the stress in the latter case is approximately 16 per cent. greater. 
This is a minor point, but I do think it of considerable importance 
that where the neutral is insulated there are two sets of insulation in 
series, both of which must fail to produce the same dangerous results 
as are obtained by the failure of one such set of insulation with earthed 
neutral, and that the leakage indicator, which is required by the Home 
Office regulations on insulated systems, shows when one of the two 
sets of insulation becomes defective. Even when one pole is com- 
pletely earthed conditions are now just the same as on an earthed 
system before its insulation fails, with the exception that the voltage to 
earth is now, say, 500 instead of 290, а fact which makes very little 
difference indeed to the insulation, or to the danger of fatal results 
from shock, as I pointed out in my paper. Where, however, 6,000 
volts is in use this difference in voltage becomes relatively more impor- 
tant in influencing a decision as to whether to earth or insulate. 

I am interested to see Mr. Shaw's experiences, and I have already 
dealt with most of the points he raises. In the matter of shock, how- 
ever, the real question of moment is not the voltage, but how much 
current flows through vital parts of the body, and as I have already 
pointed out, when this current is limited by being only due to capacity 
or to slight leakage on other phases, any danger is reduced to a 
minimum. 

In discussing the question of earthing the neutral, one is of necessity 
drawn into considerations as to earthing generally, and several of the 
diagrams were prepared to illustrate points in both subjects. A number 
of speakers seem not to have quite understood my attitude towards 
earthing, although I endeavoured to make this clear in my paper, so 
that I again emphasise my opinion that while the question of earthing 
the neutral is often a very open one, it is impossible to lay too much 
stress on the importance of protecting live parts, and of properly 
earthing metallic casings containing such parts. As long as such 
earthing is properly carried out danger of shock is negligible, but it is 
not sufficient to rely on a single earth-plate, but preferable to have 
a continuous earthing cable with earth-plates in every level, and if 
possible at every motor. 

The CHAIRMAN : I think we should congratulate Mr. Wood on 
having succeeded in eliciting such a good discussion. Iam sure you 
wil join with me in according him a hearty vote of thanks by 
acclamation. | 

The resolution of thanks was put and carried by acclamation, 
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Proceedings of the Five Hundred and Ninth Ordinary 

| General. Meeting of the Institution of Electrical 
Engineers, held in the Rooms of the Royal 
Society of Arts, John Street, Adelphi, W.C., 
on Thursday evening, May 5, 1i910—Mr. S. 
EvrRsHED, Vice-President, in the chair. 


4 


The minutes of the Ordinary General Meeting held on Thursday, 
April 28, 1910, were taken as read, and confirmed. 


The following paper (see p. 590), “A Telephone Relay,” by S. С. 
. Brown, Member, was read and discussed. 


. The meeting adjourned at 9.55 p.m. 
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A TELEPHONE RELAY. 


By S. G. BROWN, Member. 
(Paper received March 16, and readin London on May 5, 1910.) 


This paper deals with the telephone relay and its various appli- 
cations. The*relay is the outcome of six years’ study, but has only been 
brought to its final form during the last eighteen months. Ever 
since the introduction of the telephone a real need was felt for a 
telephone relay when it was discovered that the distance over which 
telephones could be used was comparatively limited. Many inventors 
have worked on the problem, and it has been declared by eminent 
telephone engineers to be insoluble. One of the American telephone 
companies offered a million dollars some years ago for a telephone 
repeater, but no one has gained the reward. 

Edison, soon after his invention of the carbon button transmitter, 
caused an electromagnet to act upon the iron diaphragm and thus 
turned it into a relay, but it was not a success. Hughes, in his paper 
before the Royal Society in 1878,* describing his extremely delicate 
microphones, stated that a telephone receiver, if included in the 
microphone circuit and placed upon the resonant board, caused a 
continuous sound to be produced. It follows, he says, that the 
question of providing a relay for the human voice in telephony is thus 
solved. Unfortunately it was not solved ; he had shown how to make 
a relay that would magnify a noise or musical note, but not one that 
would intensify articulate speech. 

Sir Oliver Lodge,] in a paper read in December, 1898, before this 
Sociely, described a relay, consisting of three or four reeds or tuning 
forks, each carrying carbon contacts and working in series with one 
another. Each reed was arranged to resonate to one particular musical. 
note, and when this note was passed through the string of. relays, it 
was multiplied in power to a considerable extent. An instrument of 
this character, however, is not effective in intensifying speech. An 
articulate relay must have its vibrating parts damped, or, in other 
words, possess no resonating properties; it is therefore far more in- 
sensitive to sound than one that is arranged to resonate to one par- 
ticular note. 

The invention of the powerful granular transmitters of the Hunnings 
type stimulated further efforts to obtain the speaking relay, and some 


* Proceedings of the Royal Society, vol. 27, p. 362, 1878. 
t Sournal of the Institution of Electrical Engineers, vol. 27, p. 799, 1898. 
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progress was made with this type of microphone, particularly in 
America. I will not describe these relays further than to say that they 
consist in combining the telephone receiver and the granular carbon 
transmitter ; both of these are designed as efficiently:as ipossible, and 
in some cases automatic means are provided to shake up the granules 
should they become packed. These relays are only partially successful. 
Their advantages are not decisive. They require relatively powerful 
currents to work them ; that is to say, when the telephone currents 
become sufficiently feeble to require their services, it is at this point 
that the carbon instrument fails to work. The telephone relay to be 
successful has to magnify in a continuous manner varying currents 
that are too feeble properly to affect a Bell telephone receiver. Such 
currents would be of excessive weakness, say of the order of the 
one hundred millionth of an ampere (107? ampere), and the mechanical 
movements produced by such currents, which have in their turn to 
bring about the increased electrical changes, are therefore microscopic 
in dimensions. 

The author's telephone relay; has had to be developed along quite 
new lines. It takes as its basis the researches of J. J. Thomson, Earhart, 
Kinsley, and others, with regard to the flow of electrons across a 
microscopic air-gap between two conducting surfaces at different 
potentials.* Earhart made a series of experiments on the difference of 
potential required to produce sparks whose length is comparable with 
the wave-length of sodium light, and he found that when the distance 
between the metal electrodes falls to less than about 3X 1074 cm., 
the spark potential falls off rapidly with the distance, and seems to 
become proportional to the distance ; that is to say, when the electrodes 
are placed very close together, within a distance such that the average 
intensity of force F between the electrodes reaches a value of about a 
million volts per centimetre, the discharge or current passing is deter- 
mined by the condition that F, which is V/d, reaches this value (where 
V is the potential difference, and d the distance between the electrodes). 
If the metallic circuit of a dry cell be interrupted by a minute opening 
or space of the order of 5 хто? cm., the metal at the point of in- 
. terruption being platinum, the current will continue to flow round the 
circuit and across the opening, and any slight alteration in the length 
of the space, which I shall call the conduction space, will vary its resist- 
ance and greatly affect the value of the current that flows round the 
circuit, This conduction space is therefore exactly what is wanted for 
the current-varying device of a telephone relay, where microscopic 
mechanical movements are to be transformed into large current 
changes. The dimensions of the conduction space are so small that 
it is difficult to ensure and maintain it by direct mechanical means. 
The current that flows across the space was therefore made to do its 
own adjustment, very much in the same way as the current that 
passes through the arc of an arc lamp is made to strike and maintain 
the length of the arc. 


* See “Conduction of Electricity through Gases," J. J. Thomson, chap. xv. 
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Fig. 1 isa side view of the instrument with the brass cover removed. 
N is a permanent magnet, continued by soft iron poles right up to but 
not touching the “invar” steel reed P. Round the soft iron pole 
extensions are wound the two sets of coil windings Н and K. The 
telephone currents to be magnified circulate round the winding H and 
thus by varying the magnetism set the reed P in vibration. M O are 
the top and bottom metal contact-pieces, which are opened to an 
infinitesimal degree to form a microphone by the fine adjusting screw 
W and by the action of the local current passing through the contact 
and round the winding K. It is by the action of the local current 
operating through this winding that the conduction space is formed 


and afterwards maintained. So good is the automatic adjustment that 
the instrument may be turned upside down, producing hardly any 
noticeable alteration in the value of the local current and without any 
effect on the working of the relay. The regulating winding K must not 
act when traversed by the rapidly varying telephonic currents ; this is 
brought about by surrounding the iron under the coil by a closed 
circuited copper sheathing. Eddy currents set up in this sheathing 
by mutual induction destroy the self-induction of the coil. 

Fig. 2 is an enlarged view of the reed P and the contact-pieces 
M O. In the present instrument the contact is made between metal 
pieces of hard osmium iridium alloy. The top contact is pointed, the 
lower one is flat and is soldered to the reed, both are polished and 
work, under a small drop of thin oil. 
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` In earlier instruments the lower contact O was carried by a thin 
iron disc, the relay was then very susceptible to outside noises. For 
this reason a reed is now used ; it exposes such a small surface to the 
air that it is practically unaffected by extraneous sound. 

Fig. 3 shows the connections of the relay. C is a dry cell (this is 
the normal voltage, which is as high as it is desirable to employ), K 
the low resistance regulating winding, T the receiving telephone or 
telephone head-piece of approximately 40 ohms resistance, D is an 
amperemeter or current indicator ; when the microphone contact is 
opened so as to cut down the local current to half its maximum value 
the relay is usually at its best adjustment. The telephone currents to 
be magnified enter by the terminals marked A and circulate through 
the winding H. 

The relay will magnify the very feeblest telephone currents. 
Speech or signals that are too faint to be heard in the ordinary 
Bell receiver may be heard clearly through the relay. If a watch 


be held against the ear-piece of a Bell telephone the induced currents 
produced when passed through the instrument will reproduce the 
ticking in the receiver attached; this is a severe test. 

This property of magnifying feeble telephone currents has made 
it particularly useful in wireless telegraphy. Оп replacing the 
telephone by the relay the increased sensitiveness thus obtained 
doubles the distance over which it is possible to receive signals. 
Its utility in this direction has been tested among others by the 
Admiralty and the Post Office. In a wireless receiving station, 
messages, the very existence of which was not even suspected, 
owing to their extreme feebleness, when listened for under former 
conditions with the relay in circuit, were easily read. At the invita- 
tion of Mr. Marconi I took two instruments to the Haven Hotel, 
Poole. In one of the tests (Clifden, in Ireland, sending with the 
Marconi musical spark) the signals were heard in the telephone, 
directly connectéd, as a faint but clear and pleasing series of musical 
notes. But with two relays joined to the system and working in series 
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the notes were rendered so loudly as to be heard clearly by every one in 
the room, and an operator listening at a distance of several yards from 
the instrument could have deciphered the message. The relay is not 
easily affected by extraneous noises and vibration. It can thus be 
carried on board ship and worked in all weathers. 

As regards its utility on ordinary telephone lines, speech may be 
magnified many times in loudness without preceptible loss in the 
articulation, and it will work with large currents to a point at which 
the Bell receiver in its local circuit is responding with uncomfortable 
loudness. In experimenting over a 20-lb. standard cable and speaking 
only one way, it has been proved ‘that, when the relay is applied, 
3o miles may be added to any length through which it is possible 
now to speak direct. For instance, supposing the length of the core 
for direct speaking be 20 miles, this may be increased to 50 miles 
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for the same loudness and approximate clearness when the relay is in 
circuit, either as a single repeater at the end of the first 20 miles, 
Or as a receiver at the end of the 50 miles. 

These tests prove that the telephone currents must be increased 
in strength to the extent of something like twenty times. If still 
greater magnifications are required than can be obtained with one 
relay, the simplest method would seem to be to employ two relays 
working in tandem. Their combined power would then be 400 times. 
In the majority of cases it is not necessary to add to the natural 
electrical damping of the reed, but if a piece of soft rubber be made 
to touch it, the voice can be transmitted with greater clearness even 
than if the conversation were taking place ordinarily in a room. This 
may be due to the complete absence of echoes. 

By means of the local regulating winding (see Fig. 2), the metal 
contact M O is transformed into the most exquisitely delicate micro- 
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Fic. 9.—Electrical Stethoscope and Telephone Relay ready for Use 
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phone, more sensitive, there is every reason to believe, than could be 
formed by light pressure between carbons. Such a microphone has 
rendered possible the construction of an electric stethoscope, an instru- 
ment by the use of which the sound of the heart or other internal 
organs may be greatly magnified. This, I have been informed, may 
render it possible to detect in the earlier stages, heart disease, aneurism, 
and gall stones. 

Fig. 415 a diagrammatic illustration of the stethoscope. А is the 
front part and consists of a shallow brass cell faced by a thin ebonite 
diaphragm, А is placed upon the part of the body to be examined, 
say the heart; the beating of the heart is communicated to the ebonite 
diaphragm, then to the air inside the tube B, and thus the metal dia- 
phragm D is set in vibration. М О, as before, are the osmium-iridium 
contact-pieces. M is mounted on the diaphragm, and О on the steel 
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FIG. 4 


reed P. The magnet N S and the reed are carried by a brass frame E, 
which is pivoted or hinged at the lower support Y. The conduction 
space is formed between the contacts M O by turning the fine adjusting 
screw W, and by the automatic action of the local current from the 
cell C flowing through the winding K and round the magnet. T isa 
special telephone transformer of equal windings of, say, 20 ohms resist- 
ance in the primary and in the secondary. 

The electric stethoscope in its present form causes the sound of 
_the heart to be three times as loud as in the ordinary stethoscope. 
This is scarcely sufficient for practical purposes. But if a telephone 
relay, such as I have previously described, be attached to the wires x 
of the transformer, the two instruments combined raise the intensity of 
the sound some twenty times and more, and this is ample for all ordinary 
purposes. The sound to be examined is picked up by the end of the 
tube A, and is heard in the telephones of a head-piece attached to the 
relay. 

At the invitation of two physicians I took the complete instrument, 
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stethoscope and relay, to the London Hospital, where it was tested upon 
a number of diseased heart cases. Not being a doctor myself, I cannot 
discuss the merits of the instrument with regard to its medical value, 
except to say that it seemed to tender diagnosis particularly easy 
‘and: revealed some phenomena only previously suspected. From a 
sound magnifying point of view the general results were as follows: 
When the instrument was applied directly to the heart the sound of 
the beats given out in the telephones was uncomfortably loud, and 
easily heard by the patient and all those that stood round, and this even 
if the telephones were in position on the head of the operator. The 
stethoscope as used increased the heartbeats to the almost complete 
exclusion of the shriller or breathing sounds. "This has been brought 
about by mechanically tuning the disc D and the reed P of the tele- 
phone relay to the corresponding low note, and by a proper proportion- 
ing of the volume of air enclosed by the tube B. Оп other occasions, 
during private experiments, the instrument has been tuned so that 
nothing but the breathing sounds were audible, the passage of air 
through the lungs was heard as the roar of the wind through a forest of 
trees. This power of discrimination should be of service in allowing 
the independent examination of various organs of the body. 

Replacing the telephone head-piece by a transformer, the stetho- 
scope has been joined to the telephone service in my house, and 
for the sake of experiment, the sound of the heart has been transmitted 
over several miles of telephone line to doctors in various parts of 
London and to other friends who were interested. All of them 
reported that the sounds received in the telephone were as loud 
and clear as when heard locally. The line, therefore, does not 
appear to produce much loss or distortion. This trial proved that it 
is now possible for a specialist, say, in London, to examine a patient, 
say, in the country, stethoscopically, and to arrive at a correct 
diagnosis. 

The instrument must of- necessity, to: replace the ordinary 
stethoscope, be more sensitive to sound than the human ear. This 
is proved by slight noises made in the room being heard in the 
telephones as loud noises. In consequence of this, the apparatus 
is padded and guarded as far as is possible from all outside dis- 
turbances, and the patient should be examined in a quiet room. If 
the instrument is provided with a small funnel in place of the tube B, 
it will pick up and magnify the slightest sound, and ordinary speaking 
may be increased to a deafening shout in the telephone. Such an 
instrument, when properly constructed for the purpose, may be of use ' 
to those who are afflicted with deafness. | 

The relay has been used on the electrophone system, and by its 
aid, damping the reed with a piece of rubber, the speaking and 
music from the theatres are rendered with loudness and greater clear- 
ness than it is possible to have on the telephones supplied by the com- 
pany, and by adding a loud E with ERDEN the sounds can be 
heard i in the room. . .. | т 
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I come now to a subject that is interesting me greatly—it is still 
a matter of experiment—the production of a clear and loud-speaking 
transmitter. Such an instrument would give considerable comfort to 
the subscriber, and might save hundreds of thousands of pounds worth 
of copper for the companies. Iam under the impression that the car- 
bon transmitter has been developed to its full extent, ceaseless efforts 
having been directed to this end by the engineers of the large telephone 
companies. | с А 

To make progress towards an ideal transmitter, carbon had there- 
fore to be abandoned, not because of any serious defect in its micro- 
phonic qualities, which are good, but because of its bad conducting 
power. It would not transmit enough energy. One must pass much 
current in order to speak loudly, and a material was wanted that not 
only would conduct well, but would change its resistance to pressure 
more readily than,carbon. Iam pleased to say that I have discovered 
something that carries out my wishes well in both of these directions. 
To indicate that this discovery is а novelty, is quoted the following 
from Preece and Stubbs’ * Manual of Telephony" chapter on carbon 
transmitters :— 


* Ceaseless efforts have been made by some of the most able of 
investigators to discover some material other than carbon 
that was equally efficient—efforts that if they had been 
crowned with success during the continuance of the 
monopoly of the use of carbon would have ensured a hand- 
some fortune. Hitherto nothing has been found that even 
approaches :carbon in efficiency for microphonic purposes, 
and now that the monopoly has lapsed the incentive to 
investigation is considerably reduced." | 


Again, in Miller's * American Telephone Practice," 1905 edition, 


° chapter on the carbon transmitter :— 


* Many vain attempts have been made to discover a satisfactory 
substitute for carbon as the variable resistance medium in 
telephone transmitters, the patents on the use of carbon 
electrodes having at first formed one of the mainstays of the 
American Bell Telephone Company's great monopoly." 


During some experiments with the telephone relay attempts were 
made to dispense with the regulating winding and form the microphone 
by the mere pressure of the electrodes one against the other as with 
carbon. With gold, platinum, palladium, and rhodium, it was not 
possible to do so. On the contrary, a microphone could be formed 
by light pressure between the following : Iridium, ruthenium, osmium, 
and. osmium iridium alloy. They are arranged advancing in the 
order of their effectiveness, which likewise is the order of their hardness, 
With iridium the action was only just shown, while osmium iridium 
alloy. makes a microphone that can. carry large currents, stand. high 
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temperatures, and is exceedingly sensitive to small changes of pressure. 
This alloy is by far the best of the whole series, as it is the hardest, and 
although expensive, can be readily purchased as natural grains or 
granules, sifted to any desired uniform size. As regards the effective- 
ness of carbon, I should be inclined to include it in the series between 
iridium and ruthenium. The chemical properties of carbon, ruthenium, 
and osmium have likewise much in common, in that they resist the 
action of all acids, and are carried off as a gas by oxygen when strongly 
heated. 

Ruthenium and osmium are of little value for microphonic pur- 
poses if purchased in their commercial form as grains or powder. 
The grains must be first fused into a bead and then crushed into 
granules. This may account for the failure of previous experimenters 
who, in their endeavour to compete with carbon, tried nearly every- 
thing that could be mentioned, including ruthenium and osmium, but 
‘without success. 

Several “solid back” transmitters have been taken and altered 
in various ways to make use of the new metal. In one case the 
ordinary carbon electrodes were entirely removed and replaced 
by sheet iridium-faced ones тұ in. in diameter; these electrodes 
were separated by a distance of ṣẹ in., and the space between was 
nearly filled by 3 grains weight of very fine granules of osmium 
iridium kept in place by a rubber tube. This new transmitter would 
take permanently a current of 3 ampere from a 2-volt accumulator. 
It was connected to the telephone service through a large trans- 
former, which had a low-resistance primary of only $ of an ohm. 
"The ordinary carbon transmitter, supplied in the usual way from the 
central battery, was kept in position in series [for purpose of com- 
parison. The results of several trials were as follows: Speaking on 
both occasions with equal force, first, directly into the mouthpiece 
of the carbon transmitter, secondly 12 in. away from the mouthpiece 
of the metal transmitter, the same volume was given in the receiving - 
telephone. When the new transmitter was spoken into at a distance 
of 3 in. the sound was two or three times louder than is at present 
normal, and when spoken into directly, the sound at the far end was 
uncomfortably loud and the voice could be heard with ease 3 yards 
away from the receiver. In all cases the articulation was clearer 
and crisper with the metal than with the carbon transmitter. 

The first difficulty to contend with occurred after the instrument 
had been in use some months. This was a gradual weakening of 
the power of transmission, which was eventually found to be due to 
the iridium faces of the electrodes becoming superficially oxidised. 
To remedy this the iridium has been replaced by gold, which so 
far has proved satisfactory. Another improvement was to cone inwards 
the faces of the gold electrodes; this is to prevent the granules from 
unpacking, as they had previously a tendency to do when worked 
between plane faces. 

An osmium iridium granular transmitter has been constructed 
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embodying all these later improvements (see Fig. 5) ; the electrodes have 
a diameter of } in., and it will work permanently with 1 ampere at 2 
volts. When joined to the telephone circuit and spoken directly into, 
the distant receiver will respond with overpowering loudness. Such 
an instrument could be fitted in subscribers premises where long- 
distance telephony was much in use, and distances could be spoken 
over which at present offer considerable difficulties. Up to the present 
no regular long-distance tests have been made, but it has been tried 
over 60 miles of 20-lb. standard artificial cable, and will work 
over this length with clearness and reasonable loudness, showing that 
this was by no means the limit. Inall these trials a local battery was 
used. As most of the transmitters in London are supplied with current 
from common .ог central batteries at the exchanges, it would be im- 


portant to adapt the new instrument to this system, but up to the present 
nothing has been done in this direction. The metal transmitter has a 
low resistance ; this would have to be raised by a suitable design to make 
it really successful. The amount of currentreceived over the telephone 
wires at my house is only о'об ampere, supplied by, I believe, a 22-volt 
accumulator, working through the 360 ohms of the line. On one occa- 
sion, as an experiment, the central battery carbon transmitter was re- 
placed by an ordinary low-resistance metal one, and at the far end 
clearer speech was obtained, which was as loud as before. The upper 
harmonics of the voice are more faithfully transmitted by the metal 
granules than by the carbon—this accounts for the superiority in the 
articulation. As metal replaced carbon in the incandescent lamp to 
.improve the efficiency, it would be curious if it should be doing the 
same thing now with the telephone transmitter. А much smaller 
quantity of the metal powder or granules is required as compared with 
carbon, and its sensitiveness in resistance to small changes of pressure 
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is much greater ; the new material is therefore peculiarly adaptable for 
the purposes of a relay for use on telephone lines where moderate 
magnification only is required. Such a relay has been constructed 
using osmium iridium powder as the resistance varying medium ; it is 
simple in design, requires no adjustment, and so far gives a moderate 
magnification with good articulation. 

Before closing this paper I wish to acknowledge my gratitude 
to Messrs. Johnson and Matthey for helping me to secure specimens, 
to Sir William Crookes for the gift of several rare and intensely hard 
alloys, and to the officials of the Post Office and the National Telephone 
Company for facilities for trials. | 

All the experiments mentioned in this paper have taken place in my 
private house, and my wife has been my only assistant. 


APPENDIX, 


Referring to the telephone relay, the efficiency of the microphone 
for speech transmission depends largely upon the metal employed for 
the contact. Experiments have been made with the following results. 
The metal must be unoxidisable. Thus materials like brass and 
aluminium are useless. If they partially oxidise like steel and silver, 
the magnifying power is small. With the following, good results were 
attained : Pt, Pd, Rh, Ir, Ru, Os, and osmium iridium alloy. Carbon 
has been tried for one or for both of the contact-pieces ; the magni- 
fying power is then smaller than with the metals, and less current can 
be sent through, due to its greater specific resistance. Gold, due 
to its complete absence of surface oxidisation, makes an unstable 
contact, and the relay will buzz, very much after the fashion of an 
electric bell, under all ranges of adjustment. (Soft pure gold makes 
the best contact for an ordinary relay of any material that I am ac- 
quainted with) Even with the metals of the platinum group the 
relay can be made to buzz by cleaning the contacts with a cloth, but 
stability of working can be again secured by oxidising the surface, 
by exposure to the air, or, what is much better, by applying thin oil to 
the surfaces of the contact. The nearer the relay is to this buzzing 
point the greater its sensitiveness; it is therefore advisable to clean the 
contact so as to obtain the buzzing action and to stop the action by the 
application of a small drop of thin oil. The harder the contact metal 
used the clearer the speech through the relay. "With soft platinum the 
higher harmonics are more or less absent, but with osmium iridium the 
articulation is quite clear and crisp. | 

Microphones are sometimes liable to produce faint bubbling and 
squeaking sounds; this is due, I think, principally to want of hardness 
in the contact-pieces, especially if the upper bruises the lower piece. 
"This sound can usually be stopped by shunting momentarily through a 
suitable resistance the winding of the local circuit. А microphone 
‘formed between two hard metals can touch only in one spot. As half the 
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energy liberated from the local battery is normally dissipated at this 
point, the rise of temperature there may be very considerable. 
This heating puts a stop to any great handling of power by a single 
contact. For these reasons it is not advisable with the normal 
voltage to pass more than, say, ł ampere; if the currrent is too great 
the sensitiveness will decrease with time; but if the current is kept 
small, say of the order of ұу ampere, the delicacy may be per- 
. petually maintained. Itis fortunate that the harder varieties of the 
. platinum group are the ones that are able to stand the higher 
: temperatures. 

| The following rough tests of a special form of telephone relay may 
be of interest, the resistance of the coil through which the current to be 
` magnified passed was in this case 1,000 ohms.  o'126 milliampere 
switched on through this coil caused the local relay current to vary from 
3 to 0'5 milliamperes, the contact volts from 0°36 to 1°19, the contact 
. resistance, as calculated, from 120 to 2,370 ohms, and the measured 
- movement of the reed at the place of contact 8 x ro~ іп, With the 
. contact open and no local current, placing a 10-gramme weight on the 
. reed near the contact produced a measured movement of 2*4 X 1075 in, 
With the contact adjusted to pass 4 milliamperes, the 10-gramme 
. weight cut the local current down to 1:5 milliamperes and produced 
. a movement of г'2 X 10-5 in., and with 25 milliamperes the same 
. weight reduced the current to 20 milliamperes and caused a movement 
of o'6 x то-5іп. We have thus the curious effect, that with a given 
applied force, increasing the local current cuts down the movement of , 
. the reed. Perhaps this accounts for the fact that, within wide limits, 
altering the resistance and thus the value of the current in the local 
. circuit does not seem to change the magnifying power of the relay ; 
this power is more a question of contact and voltage than anything 
` else. If a telephone relay is required to have a high degree of 
` sensitiveness the voltage of the local cell must be reduced to, say, half 
a volt. 'This low voltage can be secured by opposing an accumulator 
to a dry cell, but the arrangement can only be at the expense of the 
self-regulating power of the microphone. 

: A telephone relay, if placed simply in the middle of a long. 
. telephone line, can magnify the currents only in one direction— 
such a device is called a single repeater. The relay for practical 
use has therefore to be associated with balancing coils and placed 
- in the line so that it may work in either or both directions—such a 
combination is termed a two-way repeater. In a two-way repeater the 
. lines on each side of the coils have to be balanced one against the 
other, and anything that produces a variation, say leakage, will cause 
the relay to react upon itself and thus interrupt the conversation till 
the balance has been restored. Theoretically it would seem that the 
two-way repeater can be only one-quarter the efficiency of the single 
repeater. Although the one-way relay is now solved it will be seen 
that there is still much to be done before the two-way repeater is 
practicable, | 
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DISCUSSION. 


Mr. S. EvERsHED.: I remember that on the last occasion when I 
attended a meeting of the Institution in this room we had a paper by 
Messrs. Cohen and Shepherd on telephony ;* a paper which, so far as 
I know, gave the first clear account of the nature of telephonic speech 
currents. I feel sure that paper gave a great impetus to the progress of 
telephony. Now it is our good fortune to hear about another develop- 
ment of telephony in connection with the two instruments which Mr. 
Brown has brought before us. I confess to a keener interest in the 
relay than in the metallic transmitter, but all the same I am delighted 
to find that Mr. Brown has gone away from carbon and got a metallic 
transmitter so full of promise. To use something besides carbon is to 
break new ground, and that is what is wanted in telephony. The 
author has dealt with the transmitting end, but I should like to urge 
him to deal also with the other end. The receiver is precisely what it 
was when Graham Bell finished it; it has remained practically un- 
touched ever since. To my mind it is almost useless to devise a 


. transmitter capable of dealing with large currents, and imagining that 


the present receiver will deal with them successfully, because as soon 
as we try to increase the amplitude in the Bell receiver, we shall 
decrease the articulation. What is wanted is a receiver which will give 
the greater amplitude without any sacrifice of the articulation which we 
now get from the Beil receiver. 

Mr. J. E. TAYLOR: It is some three or four months since I had the 
first opportunity of seeing what the Brown telephone relay was capable 
of. That was on a wireless telegraphy installation. I may say that on 
that occasion I was not so much impressed with the qualities of the 
instrument as I had hoped. That it did magnify the sounds, and that 


very considerably, was very evident, but it appeared to be a little 


unstable in its action. However, on being able to give a little closer 
attention and a little more time to the instrument later on, my views 
were considerably modified. I found that provided one can get 
suitable points and a good instrument to start with it will maintain its 
adjustments and keep its magnifying properties to a very pronounced 
extent without a great deal of variation, and I can testify to the fact 
that it is capable of picking up wireless telegraph signals which are 
entirely inaudible on the ordinary telephone receiver. Signals which 
are just audible may be very considerably magnified, probably some- 
thing in the nature of twenty times, as the author has told us to-night. 
I am under the impression that the reason the instrument did not be- 
have so well on the first occasion, when I had the opportunity of trying 
it, as on the second was that or some reason or other the upper contact 
point had become slightly flattened. I should like the author'sopinion 
as to whether great attention and care need be paid to getting the point 
of the upper contact as perfect as possible in order that the magnifying 
power of the instrument may be properly maintained and its reliability 


* Sournal of the Institution of Electrical Engineers, vol.-39, p. 503, 1907. 
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and constancy assured. I also had an opportunity of listening to the 
author's new form of microphone a short time ago at a private rehearsal, 
and was certainly very much struck with the volume of sound which 
it is possible to attain at the end of àn artificial cable representing 
60 miles of standard cable. The audibility was much greater than 
with any carbon microphone I have ever heard. It is a little early 
to predict how much real utility there may be for these appliances, 
either the telephone relay itself or the metallic granule microphone, but 
the instruments are certainly most interesting and very suggestive of 
future progress. | 

Mr. В. Davies: In the author’s relay and transmitter I believe we have 
something that is really new, and are apparently treading on entirely 
new ground. The solution of the problem of relaying is by nó means 
easy, because of the very meagre forces at one's command and also on 
account of the complexity of the current to be relayed. However, a 
good deal has been done. I would like to mention something with 
regard to the work that has been done by Sir Oliver Lodge some ten or 
perhaps eleven years ago. Sir Oliver was one of the pioneers in this 
endeavour to magnify telephonic currents, and worked mainly with 
carbon, which at that time was almost the only material that seemed 
likely to prove successful, although a few other substances had also 
been tried. As a matter of fact, carbon, as the author has already 
mentioned, is, in its microphonic quality, excellent. If one draws 
what may be called the characteristic curve of a carbon microphone, 
that is to say, a curve representing the mechanical pressure on the 
contact and the corresponding current flowing, it will be found an 
excellent one, but curiously enough it is difficult to obtain. Some 
experiments were made ten years ago by Sir Oliver Lodge to show this. 
The difficulty with the characteristic curve exhibits well the erratic be- 
haviour of the carbon microphone. If a carbon point be placed on an 
arm of the Kelvin balance and underneath another carbon fixed to the 
base, and then at the other end of the balance two coils be placed, one 
fixed to the arm and the other fixed to the base, one can in that way 
vary the pressure exerted on the carbon contact without disturbing the 
system, by simply varying the current flowing in the coils. With such 
apparatus one can draw the curve very nicely. As one gradually 
increases the current governing the pressure, the current through the 
contact increases, following a definite curve but, if one suddenly 
releases the pressure, the chances are that the original curve cannot be 
regained. I should like to ask the author whether he has obtained this 
curve for his relay. On the stability of the curve largely depends the 
success of the instrument. I should imagine from the mechanism of 
his apparatus that it ought to show an improvement on the carbon 
curve. Sir Oliver's main object was the reproduction of a monotone 
instrument. In this he was signally successful. He proceeded also to 
magnify speech, and some surprising results were obtained, but there 
was a loss in articulation which was rather serious. For instance, if 
two relays be joined in series the absence of the higher harmonics 


Mr, Taylor. 


Mr. Davies. 


604 ' BROWN: A TELEPHONE RELAY, [May 5th, 


Mr. Davies,” іп the second relay is very conspicuous. I should like to ask the author 
what were his results with regard to relays in series. Ten years ago it 
was thought that a good deal of this loss was due to the carbon itself, 
and not so much to excessive inertía in the apparatus. Things were 
strung up very tightly indeed ; the moving. parts were made extremely 
rigid and very light, but in spite of that there was this loss, and it 
appeared to be mainly in the carbon itself. The power involving high 
frequency currents was frittered away, I suppose, through the want of 
elasticity, or in consequence of the vicosity of the material used. The 
hardness of materials is an important point in the author's relay. He 
has contact elements that are extremely hard. Опе would therefore 
expect better transmission of the harmonics of the voice in this case 
than with carbon, because on the relaying of those high frequencies 
depends the efficiency of the instrument from the articulation point of 
view, There is another point also. However perfect a relay may be, 
it can only relay what is given to it. Ishould like to ask the author if 
he has tried his relay on a really long line, because there is no getting 
over the loss in the line itself, that is to say, the loss of articulation due 
to distortion in its twofold aspect : that due to velocity differences and 
that due to real attenuation differences. One can deal with the cable 
ends in a small way and make things easy there, but in the body of the 
cable the conditions remain very bad. The cable interferes.very much 
with the clearness of speech. This leads to another point which perhaps 
ought to be mentioned. Since we have now in Mr. Brown's relay a 
good instrument, an instrument which magnifies well, and, I suppose, 
articulates well too, it might be possible to work on distortionless lines, 
arranged for maximum articulation by the application of appropriate 
leakances and inductances. 

I have brought one of Sir Oliver's instruments here for the 
inspection of members. It was designed some ten years ago, and 
Mr. Taylor, of the General Post Office, and myself have had some 
experience with it, The final design, as you see, is curious. Con- 
siderable difficulty was caused by extraneous noise, and to suppress 
the effects of noises the instrument was divested of all resounding 
areas. Any noise in the room would be picked up only too readily by 
this instrument if placed on any ordinary base. А base of wood, for 
instance, a foot square would be fatal to good working. That was 
one of the difficulties which had to be overcome. Another was 
mechanical tremor. That is, of course, serious in all microphonic 
work. There is, generally, a vast amount of tremor which has some- 
how to be suppressed. Tremor in this case was suppressed by suspend- 
ing the relay from spiral springs. For that reason it was slung up 
in a special way, quite bare, with no resonating areas whatever to 
catch air waves. Once it was put up in this manner and boxed in, 
it worked very well indeed. The details of parts are these: The 
permanent steel magnet has an annular air-gap, in which is placed 
a little coil supported on a tuning fork, which is tuned to the 
. sender. The coil at the apex of its support carries a small polished 
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carbon. The other carbon is secured to a very light reed. The reed Mr. Davies. 
is not tuned in any way, but is simply a body that has very much 
greater time of oscillation than the fork itself. This is damped by a 
little oil in the adjoining cup. The sender in one case was a tuning 
fork, specially designed to get over the difficulty of the variation of 
frequency with the pressure exerted by the little driving spring ; that is 
to say, the mass of the fork was made very great, so that the little 
spring that kept it going should not interfere with the vibration in an 
appreciable degree. It is very surprising to find that about 1 watt will 
keep this massive fork vibrating. It gives about three hundred vibrations 
a second if I remember rightly. [Professor PERRY : Is the instrument 
for the transmission of опе note?] Yes, in this case. Sir Oliver also had 
an instrument for speech, but, as already pointed out, owing to the 
loss in articulation it was not so successful a relay as this. The instru- 
ment shown was particularly successful, for there was no difficulty at 
all about magnification, and articulation was not involved. [Рго- 
fessor PERRY : You mean by having more than one tuning fork ?] 
In that case it would not really be a tuning-fork instrument at all. 
The little coil would be suspended in a different way. In one case it 
was secured to a large sounding-board, which gave fairly successful 
results. With three magnifications the monotone instrument would 
give a note that would be audible outside this room, the original note 
being comfortably audible іп a commercial roo-ohm Ader receiver. 
[Professor PERRY : But not speech ?] No, a monotone. 

Dr. C. B. VoIsEY : I have listened with great interest and attention to Dr. Voisey. 
the description of the author's invention, the telephone relay, and though 
I cannot pretend to understand the technical details of its construction, 
I can appreciate and understand its application to the purposes of an 
extremely sensitive electrical stethoscope. I have had an opportunity 
of testing such a stethoscope in the ordinary way in a room in the out- 
patient's department of a hospital and over the telephone, and have 
been very much impressed by the loudness of the sounds. The fact 
that it has been possible to transmit the sounds of the heart with 
distinctness over long and short distances by telephone is sufficient 
evidence of its magnifying power. The ultimate practical value of the 
instrument is as yet difficult to predict; but one may speculate 
theoretically as to its possibilities, firstly from a physiological and 
secondly from a clinical point of view. To the physiologist it may be 
of great use in enabling him to demonstrate that what we now regard 
as primary sounds are in reality compound, and it may be a means of 
splitting them up into their constituents. It may also assist in 
enabling us to determine the exact relationship in time between the 
occurrence of the cardiac contraction and the cardiac sounds. At the 
present time they are regarded as synchronous ; I think it is suspected 
that they are not actually so, but that the contraction precedes the 
sounds ; we have no means 4s yet of determining this. Clinically it 
may be possible to detect sounds in the body which àt present we 
suspect to exist but have been unable to hear owing to the fact that 
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our capacily has been limited to the sensitiveness of the ear itself. 
For instance, one might hear a sound caused by the friction of 
gallstones in the gall bladder or of calculi in the kidney. One might 
even hear the passage of the blood over the aorta which is rendered 
rough by disease. When this condition is exaggerated, it is possible 
to hear a sound now, but in the very early stages of disease it is 
not possible to do so. How far these theoretical ideas may be realised 
by the further development and perfecting of the electrical stethoscope 
it is yet difficult to say. There are many points requiring considera- 
tion. Loudness is not everything. It is necessary at the same time 
to have the means of choking down extraneous and adventitious 
sounds, and possibly, too, of tuning the instrument to different wave- 
lengths of sound so as to make it selective. I think that will be a 
difficult thing to do, but as the author has succeeded in solving so 
many difficult problems, he may be able to solve this one also. 

Mr. J. E. KiNGsBURY : With regard to the million dollars reward 
offered for a telephone repeater to which the author refers early in the 
paper, I fear that competition in the construction of telephonic relays 
may be somewhat serious unless it be generally realised that that offer 
is not now open. It was made by a gentleman connected with one 
of the American telephone companies, but he retired from the 
telephone business some years ago. I think he has been connected 
since with the automobile, and also with the flying machine, business 
in which such sporting offers are somewhat more general, and have 
sometimes to be redeemed. With regard to the relay, I should like to 
fill up a part of the gap in the author's opening statement, for I do not 
think that he does complete justice to the workers in the intervening 
period. In 1905 there are patents (Nos. 9,605 and 9,606) standing in 
my name (but only as the representative of the owners) which describe 
a repeater which we called the Shreeve repeater, using the word 
“repeater” as they do in the United States, to represent “ relay " 
as we use it here. That Shreeve repeater is unquestionably a 
practical telephone relay. Some five years ago I talked through it 
myself. I am sorry that I have no records that I can put before you, 
but I think that we should give Mr. Shreeve the credit for having 
solved the practical difficulty of a telephonic relay. There had been 
a demand for such a relay, as the author rightly says, from the very 
beginning. The first patent for a repeater was taken out by Gilliland. 
He received the patent in 1881, but applied for it in 1879, and he said 
then that there would be a demand for a repeater for telephones as 
there had been for repeaters in telegraphs. That is the case, but 
it is proved, as the author says, that the demand has not been filled 
in a way that we can regard as a complete, final, and satisfactory 
method for general adoption. The repeater which has been in 
use has been used, and is used, to a very practical extent, but 
I think I may say not largely. It is' subject to drawbacks in the 
shape of adjustment which experience only will overcome, and 
which I feel sure that the author will himself tackle in the 
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same way. In making those remarks I wish at the same time to 
express my appreciation, and what I feel sure is the appreciation 
of all telephonists at the fact that another mind is brought to bear 
upon this subject, and also to express my anticipation of fruitful results 
as satisfactory, I hope, to the art as the author's previous essay which 
he put before the Institution, and equally satisfactory to himself. At 
the same time, one must realise that there are very important and 
difficult problems in this telephone relay. А relay which talks only 
one way is not a practical instrument; it must talk both ways. A 
telephonic conversation must be a conversation or it is not adapted to 
telephonic work. In the matter of construction the author has un- 
doubtedly gone on new lines, but I wondered in looking over his 
description if those contacts of two metallic surfaces are not somewhat 
akin to the Berliner microphone. Of course, the automatic adjustment 
arrangement is entirely different from anything that Berliner ever 
thought about ; there is an element in that of absolute newness, and I 
assume it must be of very great value. But although Berliner did not 
describe the operation of his microphone, I should like to know whether 
in fact his description of the two metallic surfaces in contact and the 
variation of the resistance by variation in the intimacy of contact was 
not in point of fact very nearly akin to the method which the author 
has adopted. The transmitter seems to me to be one of those promising 
fields of research and experiment upon which it is extremely satisfac- 
tory to have a new mind brought to bear. But I think the author may 
have been somewhat misled by the statements which he quotes from 
authorities in regard to carbon. I am very reluctant to question them, 
but my recollection is that carbon never was a substance that was con- 
trolled for telephonic purposes by patents. In England the control 
was effected by the Edison patent, which was simply the combination 
of a diaphragm with a tension regulator without regard to what con- 
stituted the tension regulator. As a matter of fact, carbon has 
invariably been used for telephonic purposes commercially, whether in 
countries where it has been patented or in countries where no patent 
protection could be obtained for it. That it is the best which has come 
before experimenters I take for granted by its continued use, but it 
cannot be the only substance which has been experimented with. My 
impression is that the Globe Company in London early in the career of 
the telephone made experiments with various substances. Perhaps 
Dr. Thompson will be familiar with them. Ви whether that be so or 
not, any further development in the invention of transmitters, whether 
it be in form or substance, cannot but result in untold good to the 
development of telephony. | 

Mr. B. S. COHEN : It is to be hoped that the author will be enabled 
to devote the necessary time to perfecting this apparatus, as un- 
doubtedly a considerable amount of work is still required to make 
both the relay and the transmitter of value for practical telephonic 
purposes. It would be interesting if he would explain a little more 
fully why he assumes that the action of the transmitter in the relay 
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is due to a stream of electrons passing between the contacts rather 
than to resistance variations caused either by variations in pressure, 
temperature, or surface of contact. Experiments were carried out 
in the National Telephone Company's Investigation Laboratory on 
the telephone relay and the metallic granule transmitter. Perhaps 
some particulars of these tests may be of interest. Consitlering 
the relay first, the results obtained were not quite so good as 
those given by the author in his paper, and this is very likely 
due to want of experience in adjusting the apparatus. However, 
considerable time was spent in adjustment to get as far as we could 
the best results. With one of the relays placed in the centre of a 
line the improvement with the relay was 9 miles standard cable, 
judging purely by volume. Articulation tests were then carried 
out. With 44 miles of cable in the relay circuit, and 25 miles without 
the relay, the number of words missed with the relay was found to be 
55 per cent. more than without the relay. So that the articulation for 
equal volumes was about 55 per cent. worse with the relay. The 
balance of cables was now readjusted to give comparative lengths of 
audibility, with reference both to articulation and volume. The 
result was the relay gave a net improvement of 8 standard miles. 
Now, of course, that sounds very little, but it must be borne in mind 
that 8 miles of standard cable would represent approximately about 
250 miles of trunk line. This improvement, as the author points out, 
would be considerably decreased if double repeaters working both 
ways were used. Mr. Kingsbury referred to the Shreeve repeater, and 
perhaps I may supplement what he said about this instrument by a few 
figures which have been kindly given me by the Western Electric 
Company. This instrument is in use by the American Telegraph and 
Telephone Company in the United States on a number of longlines. The 
repeater is generally used in series in the middle of a line whose total 
length is not less than about 12 standard miles. Оп а less length than this 
trouble is experienced by reason of the instrument singing. To get the 
best results, the repeater must be at the exact electrical centre of the line 
so that the lines on each side of the repeater balance. Under these 
conditions the articulation is very good. The improvement under 
these conditions, using double repeaters working both ways, is about 
6 standard miles. More than one repeater can be inserted in the 
line. For example, on one of the long lines running out of Boston 
1,500 miles long, three repeaters are joined in series, giving a net 
improvement of 18 standard miles. А number of tests have been 
carried out with the author's metallic granule transmitter, and the 
results obtained with this are decidedly encouraging. Under favour- 
able conditions the transmitter gave an improvement over the 
commercial common battery transmitter with carbon granules of 10 
standard miles, and the articulation was as good. It will be realised 
from these figures that the transmitter is quite promising provided 
that the commercial product could be turned out in bulk with the 
same efficiency. Unfortunately, I believe the author has been unable 
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to design an instrument of this type capable of working on the standard 
common battery circuits. This limits its usefulness. It is to be hoped 
that he will be able to overcome this difficulty. 

Mr. A. C. BoorH: It has been my privilege to experiment with 
Mr. Brown's relay at intervals during the last three months. It was 
first tried for intensifying the received signals at radio-telegraph 
stations, and gave very promising results, magnifying the received 
signals from four totwelve times. It has also been tried for working 
as a repeater for telephone purposes, that is, it was placed in 
the middle of an artificial telephone line of 68 miles of standard 
cable, the type of cable to which the author refers, with the 
result that the speech at the end of this line was very little 
inferior to that of the 34 miles of standard cable without the 
relay. Of course that was a line under ideal conditions. When 
е line was put direct through 68 miles, speéch was practically 
nil. Asa further test, the relay was placed half-way along 108 miles of 
standard cable, and although conversation was out of the question, one 
could clearly distinguish that speech was being made, whereas without 
the instrument the 108 miles of cable was absolutely silent. We have 
only just commenced the stage of actual trunk-line working. Having 
dealt with the practical advantages of the instrument, I must now refer 
to its weaknesses, though I do so in no spirit of injurious criticism. In 
the first place, although the adjustment is simple, it has been my 
experience that the instrument takes time to settle down to its work. 
Sometimes more than an hour has been spent continually regulating 
before good results could be obtained. That, of course, may be due to 


insufficient experience on my part. Secondly, in regard to radio- 


telegraphy, the detectors are as a rule absolutely dead silent except 
when signals are being received, whereas the relay gives a very slight 
but appreciable noise, due to its microphonic qualities. This noise is 
not the whistling or humming that arises with a too sensitive adjust- 
ment. Although so small, it seems to have a disturbing effect on 
the operators, who, it must be remembered, have to wear headgear 
telephones for several consecutive hours daily. As regards trunk tele- 
phone circuits, it is obvious that such a very sensitive instrument will 
magnify any defects or disturbances that may exist upon a line; and, 
as a rule, the longer the line the greater the number of minor defects, 
and it is on the long lines that such an instrument will be used. Then, 
as regards the to-and-fro conversation, the switching necessary for this 
is certainly a disadvantage, and if the public are paying ros. for 3 
‘minutes, I am afraid the switching operations will appear to occupy 
more time than the conversation. The instrument has not been in use 
sufficiently long to give any idea as to its stability under continuous 
working conditions, and I fancy that some slight re-regulation will 
occasionally be necessary. This, of course, is another weakness, as the 
telephone public expect perfect speech with no lost time, quite 
irrespective of the length of line employed. 

Dr. W. Н. EccLEs: I wish to speak not on the general problem of 
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telephone practice but on the narrow issue of the application of the 
telephone relay to wireless telegraphy. It has always been my ex- 
perience with such relays that if they are not monotonic, not acoustically 
selective, they magnify atmospheric and other sounds as well as the 
signals from the proper sending station. This last year I have been 


` working on a relay tending to be selective. In fact, if in the author's 


relay we substitute an iron wire for a reed, and stretch the wire so as to 
be at a frequency equal to that of the singing notes that are used 
in modern wireless telegraphy, and regulate the gap in the same way 
as he regulates it, it will be exactly the relay I have brought here 
with me to-night. It is in a very crude state, and not fit to be shown, 
but any one who will examine it will see that it is based on almost 
the same principles as the author’s, except that instead of a damped 
reed I use a free wire. Now one difficulty I have found with this 
selective form of relay is that it does not select so well as is necessary. 
When a stretched wire is put very near to a point in oil you get 
such considerable damping that the possibility of getting perfect 
selectiveness is much reduced. One speaker this evening asked for 
a selective relay. I think this is one of the chief objections against 
good selectivity. I have usually worked with this relay on the Clifden 
signals as heard in London up to last December. They are very faint in- 
deed, and although I could get them m?gnified about two or three times, 
I found that one of the vices of the instrument was that it sometimes 
started singing on its own account and went on singing for 5 or 
Io minutes. The only other points I need raise here are with regard 
to the theory of the instrument. The author refers on page 591 to the 
theory of gases and the passage of ions through the air across the 
very narrow gap, and then later in the paper he proposes to put 
oil there and get rid of the air. I agree with Mr. Cohen's supposi- 


tion that a main point in the explanation of the action of this relay 


is that the resistance of a thin film of oil is varied by the variation of 
its thickness when the diaphragm of reed or wire moves. If x be the 
thickness of the air or oil film at the contact, x p, its electrical resist- 
ance, R the resistance of the regulating coil, and a the film thickness 
in the undisturbed position of the wire, the restoring force on the wire 
is given by— 
b ) 

Е ссх а (== + Cp 
where b and c are constants governed by the E.M.F.’s employed. 
Therefore in the equilibrium position— 


dF ^ Ax—a 
res b o, ,ج‎ 
quee P R Frp? 


showing that the equilibrium is remarkably stable. Taking that, we 
can get a good idea of the size of the gap that is maintained by this 
automatic regulation devised by the author. Some years ago Dr. 
P. E. Shaw proved by the method of electrical touch that the 
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minimum audible sound involved a diaphragm movement of 0*7 of 
a millimicron, that is to say, 0'028 of a millionth of an inch. By 
the same method Dr. Shaw measured displacements as small as 
0'016 millionth, which proved the possibility of relaying inaudible 
motions. Taking this movement as causing about one-half of 1 per cent. 
variation of the film thickness, it suggests that the conduction space in 
Mr. Brown's instrument is about 4 millionths of an inch, which is about 
the length of a chain of roo molecules according to Kelvin's estimate. 
Compare this with a wave-length of blue light which is 12 millionths 
of an inch, and we see the delicacy of the automatic adjustment in 
Mr. Brown's instrument. I inyself, as also another experimenter with 
my own crude instrument, did not succeed in making the instrument 
reliable, and may therefore the more warmly congratulate Mr. Brown 
on his achievement. | 

Mr. E. Н. RAYNER: First, I would like to ask the author if it 
is necessary to have the point of negative polarity as shown on the 
sketch, or if it may be positive. [Mr. Brown: It is advisable to have 
it negative. Itis much better.] Can you give us any reason for it? 
[Mr. Brown: I think it is for the same reason that the small carbon in 
an arc lamp is made negative. There is no question about the ions. 
The ions flow better toa sharp point.] There is one other point. You 
mentioned the use of “invar” {pr the reed only. Isthat for magnetic 
purposes or mechanical purposes, or do you think it would be an im- 
provement to make a greater use of “invar” to keep the dimensions 
constant and avoid temperature changes? [Mr. Brown: It is for 
keeping the dimensions more constant and to keep the reed from 
warping.] The other parts of the instrument might equally cause 
trouble from alteration of dimensions. [Mr. Brown: It was used 
simply because it was thought that the reed was likely to buckle under 
the effects of temperature, because with “invar” there is no coefficient 
of expansion. That stops it entirely. It might be better if the whole 
instrument had been made of “ invar,’ but we have not got to that 
point yet.] | 

Мг. D. Н. KENNEDY: The paper deals with three subjects, but 
I think it is safe to say that the telephone relay is the subject which 
telephone men have turned to with the greatest amount of interest. 
Personally I feel intensely interested in the practical aspect of the 
question. After reading the paper I endeavoured to relapse into the 
sceptical attitude, which is born of long aquaintance with this 
unsolved problem, but knowing what I did of the author and his 
achievements I found it somewhat difficult. The reading of the paper 
was, of course, sufficient to let me see that he had broken entirely 
new ground. On the following morning I was invited by Mr. Booth to 
listen to his tests, and I will relate my experience as simply as I can. I 
walked into the telephone test-room and sat down in the operating 
chair. Mr. Booth gave me the receiver, and I heard a distant voice 
which said, “1, 2, 3, 4, 5, A.” Mr. Booth turned a switch and then the 
voice said, “ 1,2, 3, 4, 5, B.” This operation was repeated three or four 
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times. Then Mr. Booth said to me, * Which is the better?" and 
I said, “‘A’ is the louder ; ‘B’ is the better articulation.” Не said, 
““A’ is with the telephone relay in the middle of 68 miles; ‘B?’ is 
34 miles.” So, іп my opinion, the telephone relay gave a little greater 
audibility through 68 miles than was obtained direct through 34 miles 
without it, There was a little difference in the quality, but not more 
than one is accustomed to find in changing from one transmitter to 
another. Subsequently I listened to the same voice speaking through 
108 miles of standard cable with the relay at the centre, and I was able 
to follow what was being said. When the relay was cut out, the cable, 
as Mr. Booth said, was quite dead. In the afternoon I returned to the 
same room ; a Glasgow trunk had been taken and the relay was 
connected to the end of it. On the question of adjustment I may 
say here that I arrived at the room before Mr. Booth and I put the 
instrument slightly out of adjustment. I did not treat it in a very 
gingerly fashion, but I found no difficulty whatever in getting it back 
into adjustment, and I was very much struck indeed with the wonderful 
way in which the milliampere-meter needle followed the movement of 
my hand on the adjusting screw. It seemed to be quite possible to 
increase the current milliampere by milliampere. Then I listened to 
the man speaking from Glasgow. There was an increase in audibility, 
but unfortunately there was also a great increase in the extraneous 
noises, and that, of course, is one of the lions in the path of the author, 
It is however, quite possible, to think of the instrument being used 
under conditions where these extraneous noises will not De present, as 
for instance in connection with submarine cables, and then indeed 
the value of the instrument must be very great. With regard to the 
difficulty of reversing, I do not know whether the author has considered 
the advisability of using the instrument pretty much in the same way as 
we use a telegraph relay—in the local circuit at each terminal station— 
with a hand-switch in the receiver so that it could be cut out when 
speaking and left in when listening. That seems to me to be perfectly 
practicable, though other people think differently. One point of 
criticism occurs to me: Where is the oscillograph? I did expect we 
should see some oscillograms showing the performances of the instru- 
ment. No doubt they will come along later. Again, on the question 
of carbon, the paper says that “a material is wanted that will not only 
conduct well but change its resistance to pressure more readily than 
carbon." I thought it had been definitely established that carbon does 
not change its resistance under pressure, and that the microphonic 
phenomenon is one which depends upon greater or less intimacy of 
contact between the particles. It may be that I am of a sanguine 
temperament, but I think that this instrument, when brought into 
practical use, will greatly increase the distance over which speech will 
be possible. 

Mr. W. M. MoRDEY : May I bring the members back a little to 
the early days of the telephone and the microphone? When I 
heard the discussion turn on the question of carbon or metals, I 
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remembered that several papers were read and discussed here a 
good many years ago on that subject. I will read a few lines 
from the discussion on a paper on * New Telephone Transmitters " 
by John Munro.* Professor Hughes (who was President in 1886), 
the inventor of the microphone, speaking on the question of carbon 
and of metals, which was then under discussion, said: “The point 
brought up to-night by Mr. Munro is one which I tried to point 
out in my first paper, namely, that by means of a number of metal 
contacts we could transmit speech just as well as by carbon. I 
remember showing at Mr. Preece's house before I brought the patent 
out, and I think he was very much astonished at it, that if several nails 
were placed together and spoken to they would transmit the voice, and 
that I think was the first metal microphone Mr. Preece had seen." 
Going back to the paper itself, I ind on page 130 the following: “ The 
carbon microphone is now shown to be only one illustration of Pro- 
fessor Hughes' wide discovery that a delicate contact between any two 
conductors has the property of transmitting sounds. The Reis original 
transmitter, with a delicate platinum joint, is seen to have been another 
illustration of the same phenomenon. Professor Silvanus Thompson 
has recently presented proof that Reis did send articulate words by his 
transmitter ; and I believe there is no doubt he did. I have myself 
heard by telephone, and understood, single words spoken direct to the 
platinum contact of a Reistransmitter. Reis, then, employed a platinum 
microphone, without knowing it, as early as 1861 ; and Edison used a 
carbon microphone, without knowing it, in 1877. The discovery of 
Professor Hughes, in 1878, threw a flood of light on both inventions." 

I am sure it would interest members to read the early discussions 
on this subject. In this one volume there is other valuable matter 
on the subject, including a paper by Shelford Bidwell, whom we 
have recently lost, on * Microphonic Contacts," one by Probert and 
Soward on * The Influence of Surface-condensed Gas on the Action of 
the Microphone," one by W. Moon “On a Static Induction Telephone,” 
and a mass of interesting matter contributed by speakers in the discus- 
ѕіопѕ. I do not bring this up to lessen the credit due to the author 
for what I consider is a very real and substantial advance in telephony, 
but to remove any impression that there is anything new in using metal 
for microphonic purposes. That was one of the first things tried. I 
remember very well seeing Professor Hughes demonstrate microphonic 
action with three French nails at one of our meetings. 

` Professor JOHN PERRY : It is of much importance that the members 
should hear the great leaders of the telephone industry, and I will, 
therefore, communicate my remarks later. One word, however, about 
the adjustment. I am afraid that the speaker who referred to the 
subject has been a little unlucky in the instrument he tried. I have 
seen a young lady adjust an instrument several times quite quickly and 
without any difficulty, and if I remember rightly, I was told by her 
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that it kept in perfect adjustment for twenty-four hours. All the 
phenomena depend on the variations taking place in this little space 
which is only a few millionths of an inch in thickness, and yet the 
instrument may be turned upside down'and get rough treatment without 
getting out of order. 

Communicated : Some twelve years ago Mr. Brown was a young 
engineer employed in designing electrical machines. He saw that 
many clever young men were doing this kind of work, so he studied 
submarine telegraphy, which was a neglected subject. As a result he 
invented the submarine telegraph relay described in his paper before 
the Institution,* used now by practically all the cable companies of the 
world. There are three marvellous inventions in that contrivance to 
which I constantly direct my students' attention because of their 
individual importance in mechanical and electrical science. To-night 
we have another epoch-making invention from him. He has 
described its use for some medical purposes and for the use of deaf 
people, but its most important immediately successful use is in wireless 
telegraphy, which it makes possible for enormous distances. Our 
chairman and another speaker accentuate the fact that this instrument 
is like a microscope, it magnifies the currents received by it, and as 
telephonic currents after a long journey are rather demoralised there 
may not be much use in magnifying them. But I beg to point out 
that at last (after twenty years delay) the discoveries of Heaviside are 
being utilised ; on the very day after this paper was read, the first 
* Heavisided" cable was laid across the English Channel. If Heavi- 
side is followed, telephonic currents after long journeys may be very 
weak, but they will be undistorted, and mere magnification is all that 
they will need. It is no great draft on our intelligence to believe that 
this relay will enable good speech to be transmitted by cables and 
overhead wires between any two places in the world. The author has 
pointed out that just as carbon, so well established as the best material 
for lamps, has now given place to metal, so carbon is to be displaced 
by metal for use in microphones. I wish that young engineers would 
learn the general lesson which this teaches. Elaborate measurements . 
are made at the starting of a new department of engineering ; certain 
rules are established, and all engineers for many years use these rules 
making no further experiments, making no effort to study fundamental 
principles ; then after long years somebody resuscitates old ideas 
which had been relegated to the scrap-heap, clears his mind of all, 
common formula and methods, and revolutionises the practice of the 
profession. Dr. Lodge mentions viscosity as the defect of carbon for 
microphone work, but I know that years ago Mr Brown was able to 
state clearly what were the qualities wanted in the material. As he 
put it to me, he was looking for a material not only hard, infusible, and 
conducting, but also as elastic as the best cold steel even when raised 
to a white heat. He saw that if he wanted considerable current, if this 
current had to pass through material of small section, the rise of tempe- 

* Journal of the Institution of Electricat Engineers, vol. 31, p 1060, 1902. 
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rature became a serious thing. He knew exactly what he wanted, and 
after a diligent search he has now found the substance in the alloy of 
osmium-iridium when the commercial variety of that material is 
treated in a particular way. 

But this was not enough ; he was not satisfied with our ordinary 
vague notion of a contact; he studied the phenomena occurring in a 
space bounded by two surfaces of metal, of a thickness of a few 
millionths of an inch. J. J. Thomson and others have shown that the 
electrical resistance of such a space is exactly proportional to its 
thickness. If, then, c be the current to be magnified, the change of 
thickness must be proportional to с; that is, the thickness is to be a 
constant amount together with a small varying amount. But the 
constant amount being very small, and indeed the varying amount also, 
they would certainly alter with changes of temperature, motion of the 
instrument, etc., and he has invented a method of making the action 
practically independent of such changes. Some of the speakers have 
said that they had difficulty in adjusting the instrument ; they must 
have been using very antiquated forms, for tlie adjustment is a matter 
of certainty and takes only a few minutes ; readjustment is not needed 
during a whole day, and during that day the instrument may be 
repeatedly turned upside down and jolted. The author says in his 
paper that the current regulates the state of the contact much in the 
same way as the current through the arc lamp maintains the length of 
the arc. There can be no doubt of the existence of a wonderful self- 
adjustment, but in view of the interesting facts given by the author in 
his appendix, I do not think that the action of the instrument is very 
clear. I have not had an opportunity of verifying the following theory 
by actual experiment, but it may be worth while to give it. There can 
be no great error in neglecting the back E.M.F. due to motion of the 
telephone disc or the inertia of the reed or in assuming that the variable 
part of the current through the telephone is small compared with the 
steady current. The varying current c through H (Fig. 3 of the paper) 
is to be faithfully copied and magnified, becoming C in the local circuit. 
The total current through the local circuit consists of the variable part 
C and a constant part C, ; the total C, + C I shall call y. The attracting 
field, which acts on the reed P, tending to increase the resistance of 
the local circuit, is partly constant and partly due to л tvrns of c and 
N turns of y. In the local circuit, if E be the E. M.F. of the battery, the 
resistance will consist of two parts ; first, that of the battery, etc., the 
impedance of the telephone, and that part of the contact resistance 
which does not depend upon the field or currents altogether R, + L 9 
(where 0 stands for 4/41) ; secondly, the increase of the contact resistance 
which is proportional to the field, that is, to nc + N y where n and N are 
numbers of turns. The contact resistance is diminished by electrostatic 
attraction, and it is easy to show that this is proportional to у, The 
total resistance is then R= В, + L0 + a(nc + № у) —g y? where a and 
gare constants. Again, as the magnet is a transformer— 
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when Ё is a constant. Substituting, and in simplifying, neglecting the 
squares, etc., of C, we have— 


R,C, + aN С, — gC = Е, 
and— 


C—(aC, +knd)nc+{R.+2aNC.—3gC7+(L+kNn)ol- 


I have had no opportunity of verifying this theory by experiment, so I 
must leave it at present. It is, however, worth while to show how the 
working of the instrument is not upset by quite large changes іп p, that 
part of the constant resistance which depends on mere adjustment, 
that is which does not depend upon the magnetic field or electrostatic 
attraction. As this is only a rough application of the theory I will 
neglect the electrostatic attraction, that is, I will take g = 0; also I will 
take k = о, so that I neglect the small electromotive force in the local 
circuit due to the fact that the magnet isa transformer, and thus we 
have— 
: anC,C 
C= E/(R, +a N Co) and LCS SINC ELS aNG ILO 


Theory shows that there is an interesting compromise in Mr. Brown’s 
statement that the best adjustment is to halve the maximum steady 
current, that is, to leta N C, = R.. Thus if the telephone and everything 
but the contact have a resistance of 40 ohms, and if the independent 
contact resistance p is adjusted to уо ohms so that R, = 110, then if E 
is 300, C, is 1. I am not now troubling about the units of E and C.. 
Assume the extra impedance of the transformer due to varying currents 
to be до ohms, let a п be 9,800, and we have C = 20c. Now by turning 
the instrument upside down or by other violent treatment or bad 
readjustment suppose we alter p to 118 or to 28, let us calculate the 
effect. І take С = bc— 


These are very great disturbances of the contact, and yet we see that 
they do not greatly affect the constant b. 

Major W. A. J. OMEaRa, C.M.G. (communicated): I was recently at 
Bolt Head wireless station and I was surprised at the intensity of the 
signals, which were received when Mr. Brown's relay was being used 
there, and such disadvantages as the relay may possess do not operate 
so seriously in radio-telegraphic working as they might in trunk 
telephone working. Telephone engineers have for a long time been 
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desirous of obtaining an efficient telephone repeater, and whilst I was 
in America recently I was glad to note the improvement which had 
been made in these instruments and the results which were being 
obtained by their use. The British public, however, is severely critical 
in telephone matters, and I am afraid that it would not accept Mr. 
Brown’s telephone relay in its present stage of development on account 
of certain unavoidable limitations connected with it. The principal 
objection would be the switching to and fro of the relay as conversation 
changed from one direction to the other. We cannot fail to recognise 
the valuable work which Mr. Brown is performing, but as in the case 
of every instrument which marks an advance in a new direction it still 
has its weaknesses, and it remains to be seen by practical trial whether 
. the advantages which may be derived from its use outweigh the 
disadvantages. 

The CHAIRMAN: In the course of a most interesting discussion we 
have heard a great deal about what the author speaks of as a relay and 
what some speakers have called a repeater. Before calling on the 
author to reply, I wish to draw your attention to the fact that not only 
is Mr. Brown's * relay " not, strictly speaking, a relay, but that no com- 
plete telephone relay has ever been invented, nor has any approach to 
one been made. The origin of all relays was a fresh horse released 
from the stable (old French, relais = release). In the old days when 
people travelled, instead of being projected as they are nowadays, 
they used to travel very comfortably on horseback, and when a man's 
horse got tired he went to the nearest posting house and got a fresh 
horse, which he called a relay, and went off on it. That is to say, he 
started again like a new man on a new horse just as he had done at the 
beginning of his journey. When telegraphy came in some one invented 
an instrument which actually enabled the feeble currents which 
arrived at the far end of the line to be restarted, or rather new currents 
to be started, precisely the same in shape, in number, in frequency, and 
in duration, as those which were sent out at the original sending 
station. That instrument was quite legitimately called a relay. But 
when we come to telephony the problem is totally different. Telephonic 
speech currents are most easily thought of as a large number of 
separate alternating currents of different frequencies and different 
amplitudes. They all start out with the right phase relations, the 
right proportionate amplitudes, and the right frequencies for articulate 
speech, but when they arrive at the far end of a cable or long telephone 
line, their amplitudes have fallen off, the different frequencies falling 
off in different degrees. The consequence is that the proportion 
between their amplitudes is all wrong. Moreover, the shape of the 
received waves and their phase relations are all wrong. Now a com- 
plete telephone relay must not only restore the amplitude, which is 
what Mr. Brown's relay does, but it must restore the different waves to 
the same phase relationships, the same amplitudes, and the same shapes 
as they were when they started. I am not at all sure that that is not an 
impossible problem to solve, but I should not like to assert definitely 
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that it is impossible. One would have said off-hand that it was quite 
impossible to know what the stars are made of, yet we do know. 
I have been very much struck with the possibilities of the author's 
repeater or relay for wireless telegraphy. It seems to me to be the 
most rnarvellously sensitive detector. and magnifier of electric currents 
that has ever beeu devised, and I see no end to the possibilities of its 
use for magnifying currents. For that is what it really is, it is not a 
relay in the strict meaning of the word: it is a magnifier. 

Mr. S. G. BROWN (in reply): I shall endeavour to answer the 
questions asked by the following general statements: It was found 
from experience best to make the lower contact flat and the upper 
one pointed, perhaps because there was less damping produced in 
the oil by the upper point. The contact-pieces should be carefully 
chosen by testing them in the relay itself, and, if the contact pro- 
duces of its own accord bubbling and squeaking noises, the contact- 
pieces should be discarded and replaced by others until a quiet micro- 
phone is obtained. With the majority of contacts, when they are very 
sensitively adjusted, a faint continuous sound can just be noticed in the 
telephone ; this is usually of no moment, except perhaps when the relay 
is required to work at the extreme limit of audibility. It is possible by 
testing a number of contact-pieces to obtain several that will form 
microphones, which, when delicately adjusted, will be absolutely dead 
silent except when signals are received. The best contact-pieces are 
the hardest, and the majority of them will turn the edge of the hardest 
file. As regards the articulation of the relay, this can be made very 
good if the reed upon which the lower contact is mounted is constructed 
of hardened and tempered tool steel, and for this reason I have aban- 
doned the use of the soft “invar” steel. A good test for clearness of 
speech is to telephone from one room to another, using a Bell receiver 
as a transmitter ; now introduce the relay, and it will be found that in 
spite of the increased volume of sound the articulation is as good 
as before. Some have pointed out that however good a relay may 
be, it would be useless to apply it at the ends of a long line, 
because of the distortion of the speech produced by the line itself. In 
answer to this objection I would say that a relay may be placed in the 
middle of a long telephone cable, and far better speech be received 
than at first sight it would appear possible to obtain. A relay by 
resonating somewhat to the shrill upper notes and being less sensitive 
to the lower ones, may do a great deal of correction without additional 
assistance ; but by using series capacity and leaking inductance of 
suitable values at the ends of the lines distortion may again be greatly 
reduced. I placed the problem before Professor Perry, and he calcu- 
lated that by using the capacity and inductance at the ends of, say, 
60 miles of standard cable, the distortion and alteration of phase may 
be considerably minimised. In fact, by placing such devices, say, 
every то miles, perfect clearness of speech may be produced through- 
out the whole cable, the attenuation remaining being corrected by 
the relay. I have worked two telephone relays in series only on one 
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or two occasions ; the increased magnification is enormous and requires 
skilful handling, and the articulation is fairly good. А relay may be 
made monolonic or resonate to one particular note by arranging the 
natural period of the reed to coincide with the note desired and by 
reducing the damping, say, by fixing the reed further away from the 
magnet. The damping produced by the oil on the contact may be 
made very small by using only a trace of oil and by keeping the upper 
contact sharply pointed. 


The CHAIRMAN : I will now ask you to pass a hearty vote of thanks The 


to Mr. Brown. 
The vote of thanks was carried by acclamation. 


Mr. Brown. 


Chairman. 
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STANDARDISATION OF FUSES. 


By H. W. KEFFORD, Associate Member. 


(Paper received March 22, and read at Birmingham on May 25, 1910.) 


The standardisation of electric fuses and the enforcement of more 
stringent regulations with regard to their design and use would con- 
tribute greatly to the increased safety of electrical installations and 
would put the manufacture of this class of apparatus on a more uniform 
and scientific basis. So long ago as 1905 an editorial in one of our 
electrical journals * drew attention to the importance of standardising 
low-tension fuses, and, whilst regretting that we lagged far behind 
other countries in giving this matter the attention it deserved, took 
comfort in the assurance that, at some future date, we should fall into 
line. The difficulties to be overcome before a standard system of 
fuses can be brought into general use are certainly numerous, but 
delay renders the problem more and more complex. The necessity 
for and advantages of standardisation do not require very much 
demonstration, and the only point in this connection which the author 
desires to emphasise is the importance of simplicity, efficiency, and 
reliability in every detail of the electric circuit. If we would foster the 
popularity of electrical applications and the prosperity of the industry 
we must create and maintain confidence in the safety, reliability, and 
convenience of electrical power by every possible means. In addition 
to contributing largely to the attainment of this end the standardisation 
of fuse design would undoubtedly conduce to economy in manufacture 
and result finally in a reduction of cost. 

Makers of fuses now display in their catalogues so many types and 
so many designs of each type that it is difficult to escape the con- 
clusion that the fuses are ornamental adjuncts to a switchboard and 
may be chosen in a style most suitable to, say, the scrollwork which 
supports the clock. Up to a certain point it is a very simple matter to 
determine the behaviour of a fuse when blown under working con- 
ditions, and this fact renders still more inexplicable the retention of 
many types which are wholly inadequate and of others which are 
needlessly elaborate. 

In the present paper the subject is dealt with from a practical 
rather than academic point of view, the object being, if possible, to 
suggest a few lines along which certain essential questions may be 


* Electrical Review, vol. 56, p. 713. 
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tackled. The results of tests on commercial fuses will be considered 
in conjunction with corresponding theoretical indications, and definite 
deductions will be drawn as to the most suitable quantitative and 
structural properties for а standard line of fuses. Up to the present 
time the tests referred to have been confined to low-tension fuses up to 
a normal carrying capacity of about 60 amperes, but it is hoped to 
continue the experiments on fuses of much larger capacity. 
The complete specification of a line of fuses will embrace :— 


(a) A definition of the “marked” or “rated” current in terms of 
the “limiting” current (also called the “normal fusing” 
current). 

(b) A standard range of rated-current values and voltages. 

(с) A definition of one or more points on the “time-overload” 
curve of each fuse. 

(d) Regulations as to non-interchangeability, temperature rise, 
freedom from deterioration, and perfect operation under 
all conditions. 

(e) Specifications for the standard method of carrying out short 
circuit, temperature rise, and overload tests. 


In framing suggestions with regard to the above points due con- 
sideration is demanded for the user, the workman, the retailer, and the 
manufacturer; for example, the quantitative properties of the fuses 
should lend themselves to simple control in the factory, the number of 
types should be reduced to a minimum, the price should be moderate, 
etc. 


(a) THE RATED CURRENT. 


As is well known, the chief characteristic of a fuse for quantitative 
purposes is its “time-overload” curve and the asymptotic current 
value of this curve to which the name “normal fusing current" has 
been given, but which will be referred to in this paper as the “limiting 
current.” Fig. 1 shows the general type of a time-overload curve, of 
which the abscissa represent the time intervals from the moment of 
switching on, and the ordinates either amperes or percentage overload 
above the rated current. The curve is asymptotic to the ordinate A B, 
and the current value corresponding to this asymptote is the “ limiting 
current." The strict definition of the limiting current is the minimum 
steady current which will produce fusion after an infinite time interval, 
but for practical purposes we might substitute with advantage a defini- 
tion referring to a definite time-interval—say 4 hours—instead of the 
unlimited period. The limiting current or limiting overload is the one 
fundamental quantity to which any definition of rated current should 
refer. Anappropriate way of defining the rated or marked current of 
the fuse is as follows: A fuse which is rated at R amperes must fuse 
within 4 hours when carrying a times its rated current, but must be 
capable of carrying a — a times its rated current for at least 4 hour 

VoL. 45. 41 | 
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without fusing. If L amperes is the limiting current, the rated current 
L 


à—a 


R amperes must lie between L and 


The values chosen for a and a — a depend on a large number of 
practical considerations, and should also be selected with a view to 
facilitating the application of the above definition in factory and test- 
house. Thus the difference a between the two values may be looked: 
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200 | 300 
Per cent of rated current. 
Fic. 1.—General Type of “ Time-overload" Characteristic of a Fuse. 


upon as a measure of the accuracy with which the specified con- 
ditions can be attained in manufacture. 

The latter point recalls the fact that the Wiring Rules of this 
Institution require that no fuse shall carry more than 200 per cent. 
overload without fusing (i.e., а = 30), whereas the rules of another 
recognised authority in this country restrict the permissible overload 
to бо per cent. (a = r5). The writer has recently heard of suggested 
modifications to the overload regulation from two independent sources, 
one of which was a proposal to permit an overload of зоо per cent. 
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(a =4), while the second authority was of the opinion that the per- 
missible overload should be even less than 50 per cent. if manu- 
facturers could work to a narrower limit. If, as may be assumed, the 
smaller overload is the one dictated by considerations of safety, irre- 
spective of manufacturing limitations, whereas the higher figure is 
based on a compromise between what is desirable and what is present 
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FIG. 2.—Pressure Drop across Fuses Rated at 4 Amperes. 


practice, these figures furnish one of the most striking arguments 
for the need of a system of non-interchangeability for fuses of small 
capacity. This point will be dealt with more fully later in the paper. 
The regulations for enclosed fuses by the Underwriters Association in 
the United States, which have been framed with the co-operation of 
manufacturers, fix the values of a and a—a at 1'25 and го 
respectively, but these figures were only decided upon after manu- 
facturers had endeavoured to work to a smaller value of a than o'r5, as 
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specified above. These close limits are in marked contrast with the 
figures quoted above. 

The results of an experimental investigation of the properties of 
current commercial types of fuse should give a reliable and useful 
indication of the possible values of a and a — а, the limits between 
which the ratio үсеш | 
latively simple matter to determine whether this ratio should have 


must lie, and it becomes a re- 
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FIG. 3.—Pressure Drop across Fuses Rated at 50 Amperes. 


the order 4 or r5. In drawing inferences from such tests due weight 
must be given to the many other properties which are closely connected 
with the ratio a, and observations must be made of running tempera- 
ture, voltage drop, behaviour when blowing on overload and short 
circuit, and general reliability and safety. 

Table I. isa summary of some of the tests carried out on a represen- 
tative variety of fusesin common use; illustrations of a few of the fuses 
tested are shown in Plate I. A distinctive letter has been given to all 
fuses made or supplied by one firm and the various sizes and types 
are denoted by a number which follows this letter. Figs. 2 and 3 
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TABLE I. | 


Symbol of Fuse. 


— | — | — ol ااا‎ 


ONAN ош N 


о 


Юю 


Ld 
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Rated Current. 


25 
50 


Rated 
Maximum Voltage. 


250 


250 


250 


Ratio. 


Limiting Current| Voltag 
Rated Current 
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I'25 I'50 0:572 | 0'830 
I'30 I'40 0'247 | O'351 
I'58 — — — 
0'93 1'07 0:300 | 0235 
гоо I'16 0'277 | 0277 
1°63 1°75 0°288 | 0°740 
1°67 2:00 0:232 | 0'695 
1°50 1°70 0'143 | 0°263 
1°53 167 O'I5I | 0:306 
2:00 2:25 0'268 | 1'060 
I'50 1°67 0'315 | 0°600 
1°70 2°00 O'16I | 0:529 
2°00 2°20 0'149 | 0'484 
1°27 1°43 0255 | 0°484 
1'40 1°60 0'224 | 0°321 
0'75 I*OO — | 0°958 
0°80 Ие, — | 0272 
1:38 — та ES 
1'07 I'27 0'235 | 0:387 
1'60 1°70 O'lII | 07265 
1°50 1°75 0'082 | 0'153 
гоо 1°20 0°180 | 0'890 
I'15 г2о | 07203 | 0'983 
1:98 = — MER 
1'27 I'40 ооб | 0412 
1°40 1°60 O'109 | O'I5I 
2:67 Зоо | 0078 | 0'563 
2°50 3°00 0'069 | 0°750 
2°00 2°20 0'106 | 0°372 
2°00 2°20 O'1I14 | 0°464 
2'40 2:80 O'I24 | 0:554 
2°00 2°40 O'I4I | 0°775 
2'00 2°20 O'119 | 0°463 
гоо I'40 0:647 | 0'647 
оо 1'20 0'261 | 0261 
гоо I'I2 0'545 | 0:545 
I'70 1°83 O'117 | 0445 
I'40 I'56 0'220 | 0:367 
2°00 2°33 0:122 | 0634 
2°33 2°67 O'119 | 0°737 
2°00 2°33 0'147 | 0'875 
I'43 гбо 0:323 | г'048 
гоо 1'I2 1'245 | 1245 
гоо I'20 0'948 | 0'948 
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Dangerous on short- 


circuit. Case burnt 
on continuous 
overload in all 
fuses. Calibration. 
very ununiform. 


of these fuses and 
frequently on 
overload tests. 


All these fuses be- 


haved irregularly 
on overload, and 
a continuous arc 
was often formed. 


Solder melted on 


(T 
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Case burst on all 
short-circuit tests 


overload, wire not 
fused; holder 
burnt in halves. 


hese fuses ran very 
hot owing to their 
excessive length & 
the small value of a. 
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are typical sets of curves showing the voltage drop as a function of 
the current or percentage overload, while Figs. 4 and 5 show the watts 
losses corresponding to the voltage drops plotted in Figs. 2 and 3. 


@ 


у 


IF 


Q7 Q3 
PLATE I.—Some Representative Types of the Fuses Tested. 


Before proceeding to make any deductions from these results let 
us consider one or two points which may serve for general guidance. 
Taking first the case of a bare fusc wire stretched between two 
terminals, let us assume that a line of fuses, all of equal length, is to be 
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designed. It will be found that the voltage drop is proportional 
inversely to about the square root of the limiting current: thus, for 
example, fuses for 5 amperes and 5o amperes limiting current, which 
are to be rated at 50 per cent. or at 2:5 and 25 amperes respectively, 
will, if of tinned copper, have diameters :— 


5 amperes limiting current ... ке 00145 cms, 
50 amperes limiting current ... ios оо?) » 

At the same percentage of their limiting currents, corresponding 
in this example to the same percentage overload, the two fuses will 
have voltage drops proportional respectively to— 

5 р 
(001457 or 23,800 for the 2°5-атреге fuse, 

and— 


(Sos or 8,010 for the 25-ampere fuse, 


О 
0'079)” 


so that the volts drop of the smaller fuse will be roughly three times 
that of the larger one. With a length of 3} in. the actual voltage 
drop when the fuses are run at 5o per cent. of the limiting current 
will be— 


0°34 volt at (5 х 0'5) amperes, 
and— 


o'i volt at (50 X 0'5) ,, 


The corresponding figures for a current 9o per cent. of the limiting 
current are— 
I'40 volt at (5 х 0'9o) amperes, 
and— 
0°47 volt at (50 х оо) ,, 


The drop of 1'40 volts is excessively high and would in most cases 
form a large proportion of the total fall of pressure in the circuit ; 
the figure can be reduced either by decreasing the length of 3} in. 
limiting current . 

rated current ’ 
by using a larger wire and permitting a greater overload. Hence the 
same value of a is not advisable for large and small fuses; it may 
be desirable to increase the value of a as the normal working current 
diminishes. 

In the case of fuses of the totally enclosed type, whilst the above 
remarks still apply, we have also to consider the effects of the increased 
cooling facilities and capacity for heat of the fuse enclosure. Owing 
to the large radiating surface, the size of wire for a given limiting 
current is reduced, and the drop of volts may therefore become large 
if the length of the fuse is not reduced or a metal adopted which has 


between the terminals or by increasing the ratio of 


را 
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a low melting-point. If the fuse is very short, on the other hand, 
conduction and dissipation of heat from the terminals will play an 
important part and exercise a similar influence in increasing the 
voltage drop and power loss. In order to reduce these two quantities 
to economical and safe limits, it becomes necessary to rate the smaller 
fuses at a lower percentage of the limiting current. Since well- 


Amperes. 


Fic. 4.—Power Lost in Fuses Rated at 4 Amperes. 


designed fuses of the enclosed type may be made very much shorter 
than a corresponding open-type fuse for the same voltage, advantage 
should be taken of this possibility in order still further to reduce the 
losses ; the alternative course of using a low melting-point metal is 
far inferior, and the larger volume of metal required may prove a 
source of danger. It may be noticed that it is open to the designer 
to rate the higher capacity fuses at the same low percentage of the 
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limiting current as the smaller sizes, but this again involves the use 
of an unnecessarily large volume of metal, a proceeding to be avoided 
as much as possible, particularly for fuses carrying heavy currents and 
liable to severe short circuits. 

From a purely utilitarian standpoint it is probably correct that 
small fuses should carry higher overloads than fuses of large capacity, 
and all that might be said from this point of view may be best summed 
up by considering a 5-ampere fuse capable of carrying ro amperes, 
and a 100-ampere fuse permitting a continuous load of 200 amperes. 


б — 10 15 25 25 "AD. 35 AO 3s 50 55 60 65 70 75 80 85 90 95 100 
Amperes. 


FiG. 5.— Power Lost in Fuses Rated at 50 Amperes. 


The most important factor in determining a standard value or 
limiting current . 
rated current 
to which an electric circuit may, on the average, be subjected ; the 
results arrived at from this consideration can, if necessary, be modified 
to meet the limitations of manufacture. The possibility of more 
economical utilisation of the apparatus protected is a natural con- 
sequence of adopting fuses which restrict within narrow limits the 
overload which may be imposed on a circuit. For fuses up to 
50 amperes a maximum permissible continuous overload of 25 per 
cent.—as in the United States—is not wholly desirable, since most 
circuits and apparatus should be designed to withstand this amount 


values for the ratio a= is the maximum safe overload 
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of overload without injury, and further, even the best system of non- 
interchangeability would fail and the circuits be overfused if users 
and wiremen found that they could not overload circuits to more 
than 25 per cent. even for short periods. Fuses run normally at only 
20 per cent. under the limiting current must of necessity have fusible 
metal of low melting-point if the running temperature is not to be 
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Fic. 6.—Approximate Temperature Rise of Copper and Silver Fuses in 
Relation to the Percentage of the Limiting Current. 
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unduly high ; for reasons of equal importance the use of such metals 
is bad. 

Nearly all the metals used for fuses suffer oxidation if run at 
temperatures much above that corresponding to 50 per cent. of their 
limiting current, although if silver be employed the rated current 
may certainly be as much as 65 to 7o per cent. of the limiting 
current without the occurrence of any deterioration. The permissible 
overloads corresponding to a rating 50 per cent. and 70 per cent. of the 
limiting current are тоо per cent. and 43 per cent. respectively, and 
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the large difference in these overload capacities is of interest as 
showing the superiority of a non-oxidising metal like silver if it is 
desired to reduce to a minimum the possible overload. Assuming, 
as will be afterwards shown, that copper and silver are the only metals 
suitable for standardised fuses, we can take as a rational basis— 
limiting current 
——L S = 2°00 
rated current 


Silver.—Minimum value of limiting current _ 1'43. 
rated current 


Copper. — Minimum value of 


Returning for a few moments to the Table I., classes T, V, W, and X 
include fuses of tinned copper wire, and for all these the ratio a varies 
between about 1°12 and 3'0. The fuses whose symbol is X are rated 
at between 88 per cent. and тоо per cent. of the limiting current, and 
therefore the whole fuse-fitting became unbearably hot, with a current 
much below the rated value, whilst at the rated current of 25 amperes 
the fuse wire was red-hot and oxidising rapidly. On the other hand, 
the fuses T,, which are rated at between 36 per cent. and 42 per cent. 
of their limiting current, contained about 2:9 times as much copper as 
the X, fuses, and are consequently far more dangerous on a high-voltage 
overload or severe short circuit. 

Definite recommendations with regard to this part of the subject are 
reserved until other important questions have been discussed. Before 
passing on, however, attention may be drawn to Fig. 6, which shows 
the approximate variation of temperature of a bare copper fuse wire 
with increasing currents up to the melting-point and limiting current. 
The dotted curve is for silver fuse wire. The rapid rate at which the 
temperature rises after about бо per cent. of the limiting current has 
been passed is noteworthy, and has an immediate bearing on the subject 
of rating. 


(b) STANDARD RATED CURRENT VALUES AND VOLTAGES. 


For the limits of capacity now under consideration the standard 
voltages of 250 and 500 volts are certainly sufficient for all requirements 
at the present time. Whether two standard voltages are necessary is 
very doubtful, and the average performance of many types of fuse on 
500 volts is such as to suggest that they might act better on a consider- 
ably lower voltage. An excellent plan seems to be the adoption of a 
standard voltage of 500 for all sizes, and the addition of a range of small 
capacity fuses for 250 volts for use on lighting circuits where small size 
and cheapness are important and very severe short-circuit conditions 
do not often occur. 

In proposing a standard range of rated currents the important point 
is to reduce the number of sizes to a minimum while providing for all 
current values with a reasonable margin of overload capacity. It is 
limiting current 


ee, ratio 
rated current 


necessary to take into account the values of the 
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discussed above, but provided the standard current values now com- 
monly used are compatible with the adopted values of this ratio, there 
is little reason to do anything further than eliminate any redundant 
steps and put forward for general use the range settled upon. With 
bare wire, of course, any size will be used, finally the size which will 
not blow ; but so far as the use of this type of fuse is allowed, any regula- 
tions or standards are useless. 

A convenient subdivision is with steps differing by multiples of 
5 amperes, giving, say, 5-, 10-, I5-, 20-, 30-, 40-, and 50-ampere sizes. 
At least one smaller capacity than 5 amperes is required, and since 
4 and 6 amperes are standard values with a large number of manu- 
facturers, a satisfactory completion of the range will be to adopt 
multiples of 2 amperes up to a value of 6 amperes, the complete 
standard line becoming :— 


2, 4, б, 10, 15, 20, 30, 40, 50 amperes. 


(c) DEFINITION OF ONE OR MORE POINTS ON THE “ TIME-CURRENT " 
CURVE OF EACH FUSE. 


The main object in defining further points on the “time-current ” 
curve of Fig. 1, in addition to the limiting current, is to ensure that the 
fuse will give adequate protection against very heavy overloads or 
short circuits, and to restrict within limits its sluggishness of action or 
“time element.” From a practical point of view a regulation of this 
kind is useful because compliance with it can be readily checked, and 
it may be so framed as to eliminate the use of too large a mass of fusible 
metal and other faults of design. In order to be of real value such a 
regulation should require that a fuse shall melt within a fixed time—say 
т minute—when loaded with a certain multiple of its limiting current 
—say double thatvalue. Theactual time interval between the moment 
_ of switching on this overload and the blowing of the fuse would at the 
same time be taken as a practical measure of the “time element,” 
although for this purpose a current less in excess of the limiting current 
would give a longer time interval capable of more exact observation. 
It will be convenient to return to this clause of our standard specifica- 
tion when finally deciding upon the question of rating. 


(d) GENERAL REGULATIONS FOR CONSTRUCTION AND OPERATION. 


While it is not desirable to specify too rigidly the constructional 
details to be embodied in standard fuses, yet it appears imperative that 
a few general principles should be laid down for the guidance of manu- 
facturers, and one or two essential features should be demanded. 

The extreme necessity of directing attention to some fundamental 
principles before fuse standardisation can be accomplished, is illustrated 
by two examples taken from samples tested by the author. А fuse 
(T, and Ts) made in several sizes for rated currents of over 20 amperes 
is of the protected or tubular type and of thoroughly substantial design, 


Fig.D. Fuse class TZ. 


PLATE II. (A and B).—Operation of Fuses on Short Circuit. 
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the fuse wire, however, consisting of stranded tinned copper wire, is 
soldered at each end into a small terminal plate. "The distribution of the 
masses of metal is such that all the fuses of this type. which were tested 
opened the circuit by melting the soldered connection ; had the full rated 
pressure of over 500 volts been maintained, the arc consequent on the 
separation of the wire from its terminal plate would have spread speedily 
and consumed the entire fuse fitting and terminals until the: circuit was 
broken elsewhere. In a second line of fuses (R) of the totally enclosed 
or cartridge type, also rated for over 500 volts maximum pressure, a 
solid single link of soft fusible metal is used, containing a volume of 
metal nearly fifteen times as great as that contained in another make 
of cartridge fuse of the same rating. This protective device is com- 
pleted as an explosive of a most dangerous kind by the provision of a 
number of vent holes in the metal cap at each end. Every principle 
of the design of enclosed fuses is ruthlessly violated, and, needless to 
say, the behaviour of these fuses on short circuit was of a violent de- 
scription. A photograph of one of these fuses in operation on short 
circuit is included in Plate II. 

If any efforts to increase the efficiency and serviceableness of 
fuses are to be successful it is inevitable that bare wire fuses should 
be abandoned, and the logical consequence of the standardisation of 
small capacity fuses is the introduction of a simple method by means 
of which the control of the fuse capacity on any circuit is placed 
in the hands of competent persons only. This requirement of non- 
interchangeability is far-reaching in its effect on fuse design since it 
involves the abolition of all fuse fittings having two exposed terminals, 
and in so doing leads half-way to the requirement dictated by safety, 
namely, that no terminals whatever should be exposed on fuse-fittings 
intended for use in private houses or public situations. Attention 
was drawn on page 622 to the fact that if an overload of 200 per cent. 
is permitted before the fuse comes into action, non-interchangeability 
becomes of the highest importance, since for small currents up to 
IO amperes we may assume that fuse wire of “the next larger size” 
will increase the possible overload by some multiple of 200 per cent., 
rendering the circuit liable to overloads up to 400 per cent. or 600 
per cent. 

If the permissible overload is reduced to a much lower figure, for 
example, 50 per cent., less risk is indeed incurred by inserting the 
next size larger fuse, but if the circuit is faulty this process will be 
repeated several times until the size is arrived at which does not 
blow. An ideal system for safeguarding a circuit against overfusing 
should consist of some small separate part or adjustment which can 
be suitably set by an electrician either .to restrict the capacity of the 
fitting to the present current or so as to allow a definite margin for 
increasing the size of fuse consistent with the dimensions of the wiring 
or apparatus. It is difficult to see how the requirement of non-inter- 
changeability can be met to an adequate degree by any form of 
exposed wire fuse when we consider that enclosure of the terminals 
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must not prevent the non-technical user replacing a blown fuse by 
one of the correct size. Athough it is admitted that no non-inter- 
changeable system will do away with the deliberate overfusing of 
the circuits, yet sufficient will have been attained if accidental over- 
fusing is made impossible and an obstacle is placed in the way of using 
hairpins and similar well-known substitutes for the legitimate article. 
In their own interests, insurance companies should require the use 
of some system for preventing overfusing and should strictly forbid 
the use of any other conductor than the proper one intended for the 
fitting installed. A requirement of this kind would lead to the general 
use of the standard types which would become generally stocked and 
easily obtainable ; the idea that the ubiquity of metal wire in some 
form or other justifies its indiscriminate use to nullify the purpose 
of a protective device would be gradually dispelled. 
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Fic. 7.—Example of Non-interchangeable Fuse System. 


In order that the idea of non-interchangeability may be fully 
grasped, reference may be made in detail to what is, so far as the 
author knows, the only type of foolproof fuse on the market. Many 
varieties of non-interchangeable device have been employed in Edison 
plug fuses and allied types, but the design illustrated in Fig. 7 is a part 
of a fuse system which almost completely meets the requirements out- 
lined in this paper. The loose pieces or * gauge-rings" B, B, consist 
of a steatite ring of constant external diameter, but having the diameter 
of the hole varying with the rated current. One of the terminals with 
which the cartridges D, D, make contact is situated at the bottom of 
the cylindrical hole in the steatite ring, and unless the stud A, A, is 
of equal diameter or smaller than this cylindrical hole, contact cannot 
be made. Thus B and D are gauge-ring and cartridge for то 
amperes, whilst B, and D, are the corresponding parts for 30 amperes 
rated current. The rings B for all capacities screw interchangeably 
into the same terminal block, but it is evident that a cartridge D, for 
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30 amperes will not make contact through its stud A, with the ter- 
minal C which lies at the bottom of a ring B for о amperes. It 
is, in fact, impossible to insert D, in a fuse fitting containing a gauge- 
ring B of smaller capacity. Needless to say, each rated current has its 
own special diameter of stud and gauge-ring orifice. 

Bare wire fuses, or rather fuse fittings, in which a conductor can be 
easily inserted by the user, are incompatible with protection against 
overloading. Two other objections of equal weight against exposed 
fuse wire are :— 


I. Their liability to scatter molten or hot metal. 
2. The rapidity of corrosion unless certain non-active metals are 
used. 


The first objection holds good of all metals, but more particularly 
of low melting-point metals, of which a larger volume is required than 
if copper or silver were employed. The second objection is especially 
applicable to copper, which in many other respects is an excellent 
fusible metal. 

If, on the other hand, we examine the case for fuses of the totally 
enclosed type, we have the following outstanding advantages :— 


I. The fuse wire is less liable to corrode or become injured, and 
therefore enclosed fuses lend themselves to exact cali- 
bration. 

2. Tampering with the fuse wire is difficult, and a system of 
non-interchangeability is greatly facilitated. 

3. If properly designed no molten or hot matter can be thrown 
about. 

4. Perfect operation can be obtained on heavy overloads at full 
voltage. 

5. Less metal is required, and the weight and size of the complete 
fuse fitting is reduced. 


The principal objections raised against enclosed fuses are mainly 
questions of cost, the impossibility of inspecting the fuse wire, and the 
difficulty of ascertaining with certainty when the fuse has blown. "The 
first-named objection appears to be almost wholly fictitious if account 
is taken of the frequency with which not only the fuse wire of an open 
fuse is melted, but the holder itself is either cracked or so fused as to 
be useless. Engineers do not seem fully to recognise how much more 
severe in many cases is the effect of fusion produced by a heavy 
gradual overload at full voltage as compared with the effect of a 
severe sudden short circuit. Fuses of the china holder type are 
often reduced to a useless condition by an overload, whereas they 
may withstand repeated short circuits of a severe character without 
great damage. 

This is attributable partly to the fact that when fusion occurs on an 
overload the fuse wire melts at the centre and an arc is drawn out 


[ 
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and partly to the fact that the voltage is maintained on an overload, but 
a short circuit usually causes a main circuit breaker or another fuse to 
operate simultaneously, so that the circuit is broken in several places. 
The fact that a gradually increasing overload heats up the fusc 
fitting and diminishes its power of cooling the arc and vapours is also 
influential. 

Plate III. shows a number of fuses which have been blown by 
gradually increasing overload on the normal rated voltage for which 
the respective fittings are sold. It will be observed that the majority of 
the damaged fittings illustrated are rated at 500 volts or over, and this 
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Fic. 8.—Example of Cartridge Fuse with “ Self-testing" Indicator. 


draws attention to the almost total absence of any type of open-wire 
fuse, which is reliable for use on high-voltage circuits. The asbestos 
protection now largely used, although fairly efficient when new, soon 
loses its efficacy after repeated blowing of the fuse, and is, moreover, 
frequently discarded altogether. | 

With regard to the deficiency of enclosed-type fuses in not permit- 
ting inspection of the fuse wire or giving reliable indication of fusion, 
the latter is a mechanical detail, which can be quite satisfactorily solved, 
as is shown by the arrangement adopted in a new type of enclosed fuse 
recently put on the market. Fig. 8 shows the design of indicator 
referred to. The diagrzens are self-explanatory, and show that this 
device possesses the important advantage of being self-testing. 
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PLATE III. (B).—Operation of Fuses on Overload. 
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PLATE III. (B).—Operation of Fuses on Overload. 
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Fig.F. Fuse class T4. 


classTo. 


PLATE Ilf. (C).—Operation of Fuses on Overload. 
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The demand for exposure of the fuse wire has arisen from the 
custom of inspecting a fuse, say of copper, either for the purpose 
of seeing what progress oxidation has made or to determine by its 
red glow or otherwise whether it was being unduly overloaded. The 
oxidation of a fuse is, as we have seen, harmful and unnecessary, and 
the rating and design of standard fuses should be directed towards 
minimising its occurrence ; similarly a well-considered and consistent 
rating will in time enable the user to become familiar with the overload 
capabilities of a fuse of certain capacity. 

For fuses of the capacity under discussion a completely enclosed 
design is the only one which enables any set of standards to be 
followed or enforced with reasonable success. In discussing the 
subject of the standardisation of fuses for the National Association 
of Underwriters, Lacount* states of a well-known type of enclosed 
cartridge fuse, which is widely used in the United States, that the 
* rarity of its misuse" is due to: (т) The Underwriters and Inspector's 
rules ; (2) the readiness with which the cartridges can be secured in 
any location ; (3) their reasonably low price ; (4) the ease of replace- 
ment ; (5) the difficulty in replacing the fusible wire. 

Stress may be laid on four points essential to the satisfactory 
operation of any fuse whether of the open-wire, tubular, or totally 
enclosed type ; these are :— 


I. The volume of fusible metal should be reduced to the minimum 
compatible with correct rating and moderate temperature 
rise. 

2. The fusible metal should be subdivided so that the ratio 
of exposed surface to cross-section does not fall below a 
figure depending on the design. 

3. The provision of cooling arrangements adequate to extinguish 
the arc formed on overload. 

4. In exposed wire fuses the provision of sufficiently free expan- 
sion space to prevent explosion when a short circuit occurs. 
In enclosed fuses the same end must be attained by pre- 

. cisely opposite means, and no opening or weakness of any 
kind is permissible in the enclosing case. 


Fig. 9 shows four different makes of fuses, all for a rated current of 
50 amperes, 500 volts, and all to the same scale. The black square 
at the side of each fuse represents by its area the volume of fusible 
metal in the respective casing. 

While the fuse (No. 4) containing the least volume of metal operated 
perfectly under all overload and short-circuit conditions, and the fuse 
shown at the top (No. т) which contains the next smallest volume of 
metal, and has a proportionately large casing also behaved satisfactorily, 
the two remaining samples consistently exploded or burnt often under 
the mildest circumstances. The great difference in the length of the 


* Transactions of the American Institute of Electrical Engineers, vol. 24, p..893, 1905, 
VOL. 45, 42 


638 KEFFORD: STANDARDISATION OF FUSES. [May 25th, 


four fuses is very marked, and the standard of excellence attained 
by each shows quite conclusively that attention to the four points 
enumerated above is necessary and sufficient for the production of 
a satisfactory article. 

It is interesting to notice how the fulfilment of requirement (2) 
naturally leads to the cartridge design of fuse, since only in this design 
can the proper subdivision of the fuse wire be guaranteed. The 
effect of neglecting proper subdivision as well as the use of too 
much metal is shown in Plate IV., Figs. A.and B. It is unfortunate 
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Fic. 9.—Comparison between Four Enclosed Fuses Rated at 50 Amperes, 
500 Volts. 


that instead of attacking the problem of an enclosed fuse in an 
appropriate manner, some designers have considered that the simple 
enclosure of an open-type fuse would produce the desired end. 
Provided that subdivision is properly carried out and efficient means 
of cooling the arc are employed, a fuse of the smallest size shown in 
Fig. 9 is far safer and more efficient than a much larger or longer 
fuse containing a considerable volume of metal, all of which may 
be vaporised on a short circuit. From this same point of view, the 
use of soft metals such as tin, lead, or zinc is to be deprecated, 
although with very careful design successful use may be made of 
the non-arcing property of the last-named metal. 
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The means at disposal for cooling an arc and condensing the 
vapours are three in number: by mechanical draught, by the surface 
condensation and cooling action of masses of porcelain, metal, or 
asbestos, and by the analogous use of an absorptive condenser in the 
form of filing powder. When the last method is adopted it is 
important that the fuse wire and filing should be free from any 
mutual chemical action even when subjected for a long time to 
alternate heating and cooling. 

Fillings containing a capsule of liquid, or any hygroscopic or moist 
substance are bad in principle, and may be the cause of violent 
explosion or of chemical corrosion of the fuse wire. Tests carried 
out on a very large number of filling materials lead to the conclusion 
that the most suitable for use in enclosed fuses are thoroughly dry 
uniform powders of completely inert substance. 


(e) TESTS or FUSES. 


The reliability and merits of a fuse are essentially matters to be 
submitted to the verdict of practical tests, which can be arranged to 
reproduce the exact conditions to be dealt with. The most important 
tests which a fuse must pass successfully in order to demonstrate its 
reliability are three in number :— 


I. An insulation or pressure test (a) between all live metal parts 
and earthed metal parts, (b) between the two opposite poles 
of the fitting when no fuse is in place and when a blown 
fuse is inserted. 

2. Tests for operation with gradually increasing current at 
normal voltage until fusion occurs. 

3. Short-circuit tests at normal voltage. 


In addition to the above tests measurements should be made of the 
temperature rise of accessible parts of the fitting and of the voltage drop. 
From the fire risk point of view the temperature rise of a fuse fitting 
should be taken as the maximum rise of temperature of any part of 
the fuse or fitting which is accessible when the fuse fitting is complete 
with its fittings and covers, etc., as in normal use. 

Compliance with test т can be satisfactorily secured, and having 
been once demonstrated with a particular type or design, good insula- 
tion depends upon the maintenance of quality of the insulating 
materials and manufacture. A pressure test of at least 1,000 volts 
above the working pressure should be withstood without breakdown. 
Experience shows that under certain circumstances a risk of dangerous 
shock may be created by the use of hygroscopic materials like fibre, 
asbestos, or strawboard between the terminals; leakage may occur 
sufficient to give a severe shock when it is thought that the operation 
of the fuse has rendered one terminal “ dead." 

Test 2 is of extreme value as an indication of the behaviour of the 
fuse under the conditions which in practice most frequently lead up to 
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fusion. The fuse under test should be connected in circuit with an 
adjustable resistance and a battery or generator giving the maximum 
normal voltage for which the fuse is designed. The current is in- 
creased gradually so that the fuse has time to attain approximately its 
steady temperature for each value of the current. This procedure is 
followed in three or four steps until the fuse blows. The circuit should 
not be opened by other means until all arcing or glowing has ceased. 
This test is a most useful one, and has great commercial importance 
since it represents the ordinary blowing of a fuse due to continued or 
slowly increasing overloal. The whole of the fuse attains a high 
temperature favourable to the production and existence of metallic and 
other vapours, and the relative slowness with which the fuse wire 
heats, becomes molten, and is dispersed in vapour, is also, as compared 
with the rapid severance of the circuit produced by a sudden heavy 
overload, favourable to the continuance of an arc across the terminals. 
The formation of a continuous arc after fusion must be considered as a 
property even more dangerous than faulty performance under short- 
circuit conditions, the latter consisting gencrally of a violent explosion 
and scattering of the fuse fitting without necessarily giving rise to the 
great fire risk which always attendsimperfect operation under gradually 
increasing overload. It is surprising how large a percentage of sample 
- fuses utterly fail under this test. | 

The carrying out of the overload test calls for no special precautions ; 
the voltage of the generator and the current should be observed through- 
out the test, and the current at which the fuse blows noted, as well as 
the duration of any arc which may occur, and the point at which it 
originates. For practical purposes this test furnishes a means of 
obtaining an approximate value of the limiting current. 

Test 3. The value of a short-circuit test as a criterion of the good- 
ness of a fuse depends to a large degree upon the manner in which the 
term “short circuit” is interpreted. The difference in the severity of 
the test is obvious, for example, between the case of a Io-ampere fuse 
short-circuited across a wall plug in a house installation and a fuse of 
the same size connected directly across the terminals of a 500-k.w. 
generator or battery. The latter test is very much more severe owing 
to the lower impedance of the circuit, which is responsible for a 
momentary short-circuit current of great magnitude, while the voltage 
across the fuse terminals is maintained at a high value. 

A fuse of the smallest size may be inserted in an auxiliary circuit on 
the switchboard of a central station, in the closest proximity to the 
busbars transmitting thousands of kilowatts, and the safety of the whole 
plant may be imperilled by the failure of the fuse to sever a faulty 
circuit cleanly and promptly. Perfect operation on short circuit isa 
matter of careful design, and entails neither increased cost nor 
elaboration. 

Since fuses of all capacities from the lowest to the highest are 
liable to be subjected to short-circuit conditions of the same severity, 
it is not advisable in specifying the method of carrying out short-. 
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circuit tests to differentiate between fuses for various rated currents. 
Thus the “standard short-circuit” should not be defined as a 
maximum possible short-circuit current twenty or thirty times the 
rated current of the fuse under test, but all fuses for the same rated 
voltage should be tested in exactly the same circuit. An adequate 
but not too severe short-circuit test for fuses up to 50 amperes rating 
is provided by the following rules, which have been followed in all 
tests carried out by the author :— 


t. The source of current should be a battery having an open- 
circuit potential difference 10 per cent. higher than the 
rated maximum voltage of the fuse under test, and capable 
of giving 500 amperes without the terminal voltage drop- 
ping by more than 5 per cent. 

‚ 2. The total resistance of the test circuit including the fuse 
should be adjusted to correspond to a steady current of 
1,500 amperes produced by ап E.M.F. equal to the rated 
maximum voltage of the fuse. 

3. On closing the main switch the fuse should blow without 
a continuous arc being formed or any explosive violence. 


The following suggestions are put forward as a basis for the dis- 
cussion of a specification for standard fuses :— 

I. (а) Material for Fuse Wire.—The fuse wire must not corrode or 
permanently change its conductivity or physical structure. 

(b) Non-interchangeability—Fuses up to 50 amperes rated current 
should be provided with a simple arrangement by means of which 
the capacity of the fuse which can be inserted by a non-techuical user 
is restricted within definite limits. 

(c) Type of Fuse Recommended.—To facilitate compliance with (a) 
and (b) above and generally to render standardisation practicable and 
useful an enclosed cartridge type of fuse is recommended. 

(d) Indication of Fusion.—All fuses must be provided with a simple 
means for detecting fusion simply by inspection of the fitting. 

2. (e) Rating.—The rated current marked on the fuse shall bear a 
definite relation to the limiting current or least current which will 
produce fusion within 4 hours. The minimum value of the ratio 

. limiting current 
— rated current 
higher than 30 per cent. above the minimum. Ina correctly propor- 
tioned line of fuses a should decrease from the maximum to the 
minimum values specified, as the size of the fuse increases from 
the lowest to the highest capacity. This regulation is based on the 
assumption that silver is the best metal for fusible links, taking into 
consideration its permanent character, the small volume required, and 

its * clean" action when breaking the circuit. 

(f) Sluggishness of Action and Time Element.—Standard fuses shall 
be so rated and constructed that when loaded with 50 per cent. above 
the limiting current they will fuse within т minute. The actual time 


shall be 1:54 and the maximum value shall not be 


Mr. 
Crowley. 


Mr. Gott. 
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required for fusion shall be taken as a measure of the “time element” 
of the fuse. 

(£) Standard Rated Currents and Voltages—Every fuse shall be 
clearly marked with its rated current and the maximum voltage for 
which it is suitable. The standard rated currents and voltage sug- 
gested are as follows :— 


Maximum Voltage, 250.—2, 4, 6, and 10 amperes. 
Maximum Voltage, 500.—2, 4, 6, 10, 15, 20, 30, 40, and 50 amperes. 


3. (h) Temperature Rise.—When loaded continuously with 80 per 
cent. of the limiting current no exposed part of any fuse fitting shall 
attain a temperature exceeding 100°C. above that of the atmosphere. 

(k) Insulation.—Fuse fittings shall be tested for insulation between 
terminals with the fusible portion removed and between the live parts 
and “earth” with the fusible portion in place. 

(2 Operation.—Fuses shall be tested for satisfactory operation on 
overload and short circuit in accordance with the specified arrange- 
ments for carrying out such tests. 


DISCUSSION. 


Mr. J. F. CROWLEY : I think it is desirable that fuses should be so 
standardised as to make it impossible for one of the wrong capacity to 
be put in circuit. I have known cases where fuses have been em- 
ployed of a strength equal to that of the wiring. This is very 
dangerous, and gives a false sense of security to the station engineer 
or other person in charge. Mr. Kefford, in treating of the minimum 
limiting current of a fuse running on a current just sufficient to make 
it blow after a long interval, refers to four hours as a practical time 
toallow. I think that this should be increased to six hours or even 
more. I would also like a better definition of the “short-circuit test." 
The capacity and also the inductance of the circuit must be taken into 
account. Possibly one of the reasons for the somewhat chaotic state 
of the fuse question is that cut-outs are extensively used instead of 
fuses, but I am of opinion that for small currents fuses are the right 
thing. 

Mr. A. E. Gorr: We have had several papers on fuses from 
time to time, but unfortunately they were of small practical value 
because the incalculable factors of all thermal devices, such as effect 
of external temperature and draught, cannot be neglected. The 
present paper on fuses is the most practical one we have had for some 
time. Whether it does or does not add much to the scientific side of 
fuse design, it certainly puts us on the right track for a solution of 
the question of what is a perfect fuse. I should like to take objection 
to the statement, at the bottom of page 620, that fuse selection is made 
on considerations of ornamentation. There are reasons for any and 
every variety of fuse design, though some of the reasons are sound and 
others are bad. Having searched twenty years’ patent records of fuses, I 
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can distinctly trace the entire evolution of the fuse in these records ; 
and although the various types of fuses now in use have evolved along 
different lines, there is no doubt we are getting nearer and nearer to 
the perfect fuse, and we have probably not reached finality yet. In 
fact, the time is not ripe for standardisation in such a manner as 
the author would wish. Generally speaking, I think he expects too 
much from fuses. At the top of page 623 the author refers to manu- 
facturers working to a narrower limit. I am not quite sure what he 
means, but I take it he refers to working with greater accuracy and 
uniformity than we have hitherto seen. The real difficulty is that the 
small values of a, which he gives at the top of page 631, are altogether 
impracticable, and render electric supply internally unreliable. 
As an instance, I have vivid recollection of a brisk correspondence 
with a supply company some years ago over a motor installation. 
The 15-gauge fuse wire which the supply company insisted on for a 
certain motor was continually melting, to the annoyance of the 
consumer. Correspondence went on for a long time before a 14-gauge 
wire was substituted, and the trouble then disappeared. The real 
difficulty was that the supply company assumed the load diagram of 
the motor to be flat, but instead of being continuous it had peaks on 
it which melted the fuse, although the mean load did not overheat 
the motor in any way. In another case a supply company laid on 
power mains to a large newspaper office. The main fuse margin was 
totally inadequate, with the result that on the first occasion on which 
the proprietors printed the entire edition by electric power, the supply 
company's own man had to mop the fuses and terminals with waste and 
water for several hours till the edition could be run off. No fuse should 
be expected to save plant or lamps from overloads which, if continued, 
would injure them. The proper function of a fuse is to save plant, wiring, 
and appliances from destruction under very abnormal conditions, and 
if a fuse performs this, even at the cost of its own destruction, it has 
carried out its proper function. Where small values of a are required, 
the obvious method is to use a circuit breaker which can be set for any 
desired overload or time-limit, and has a constant rating. This is more 
reliable, and will dissipate about one-tenth of the power required by a 
fuse. Short fuses under certain conditions of induction fail to cut off the 
current, and many a switchboard panel has been ruined by their use. 
For this and other reasons supply authorities have insisted on definite 
lengths for certain currents and voltage, and the potential difference 
loss over such fuses is the price for real safety to the other apparatus. 
On page 627, by the author's own showing, the only way to reduce 
the voltage drop is either to reduce the gap—a thing which the supply 
authorities will generally not permit—or to increase the value of a, 
which is a contradiction to the object of the paper. ‘The economical 
fuse of the future will probably be a fraction of an inch in length, 
but with mechanical means for increasing the gap at the moment 
of fusion. Several examples of this already exist, and though more 
expensive, they are cheaper than circuit breakers, which they replace 
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to some extent by sacrificing the facility for rapid re-closing. Such a 
type can be so designed as to remove the objections made by many 
engineers to types in which the fusible material can only be replaced 
in a factory. Many engineers insist on fuses which can be quickly 
renewed from simple and easily procured material, and will not 
tolerate even soldered ends. Nothing has been said in the paper 
on the porcelain which forms the body of most fuses. As a general 
rule it is of very bad quality, and as there are numerous kinds for 
specific purposes, a careful selection would probably lead to less 
trouble than is usually experienced. Some qualities conduct heat 
more than others, and others again will withstand explosion better. 
Whether all the desired requirements can be combined in one quality 
or not is a matter for consultation with the pottery manufacturer. 
In reference to the author's opening remarks, I think the fuses should 
not always be blamed for the overloading of cables and wires. With 
large values of a, cables will be fully protected if they are of sections 
suitable for usual current densities. The author also stated that the 
limiting current is a perfectly definite quantity. I beg to disagree 
entirely with that, because the effects of draught have to be taken 
into account. With some types of fuses the opening of a door will 
alter both the limiting current and the conditions of the cut-out to a 
very great extent. On page 622 the author made some remarks in regard 
to the percentage of overload allowed by different authorities. My 
reasons for disagreeing with his proposals to reduce the overload 
percentages are sufficiently explained by my previous remarks. 

Mr. A. L. FORSTER : I have found that the use of asbestos-covered 
wire for fuses reduces greatly the violence of the explosion when a fuse 
blows, and with such fuses I have not had any difficulty for some time. 
I think it would be of interest if Mr. Kefford would try this, and tell us 
of the effect. As to regulations for the interchangeability of fuses, we 
are all agreed that they would be of great value, but the day for them 
has not yet arrived. | 

Dr. M. Kross: In reference to supply companies insisting оп a 
definite minimum length between the poles of a fuse, this answers 
well with the old type of fuse which, when it blows, produces an arc, 
butitis not right that such restrictions should be made to apply to 
fuses in which no arc is produced. I would like to point out how 
important it is in drafting specifications not to stick to certain words 
which have been in use in past times, but always to specify what is 
required—the object and not the means. If the object only were 
specified the designer would be left freedom to develop new ideas. 
I maintain that restrictions as to length of fuses are not feasible, and 
are only likely to be detrimental. 

Mr. W. SHAW: I would like to know between what ranges the fuses 
are interchangeable and of such a type that they cannot be tampered 
with by an unskilled màn. If the fuses are not interchangeable then 
trouble will be experienced in providing larger fuses, which might 
possibly be required through extensions. If, on the other hand, they 
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can be too readily changed, then the present-day trouble of inserting 
too large fuses would recur, as in dealing with larger currents for 
motors one generally meets with men of some experience who would 
very soon put up the gauge of the fuse. The idea of standardising 
fuses is very good, but it is absolutely essential that every possible 
condition be considered before standardisation can become a success. 

: Mr. A. М. TAYLOR : The particular aspect of this question in which 
I am most interested is that of the fuses on a central station board. As 
far as possible, I think we rather avoid the use of fuses for the protection 
of anything but light circuits, and I looked through the author's paper 
in the hope of seeing some information that would bear upon this 
particular use of fuses, more especially as to the large rushes of current 
which may be expected through a fuse which is connected to a system 
of busbars behind which there is a large amount of power. I cannot 
help feeling that the rush of current on a short circuit is very consider- 
ably in excess of anything we anticipate. A short time ago Mr. Miles 
Walker * gave an oscillograph record of a short-circuit current from an 
800-k.w. rotary converter, which showed thatin тебе second the current 
rose to something like 14,000 amperes. That is a result obtained with 
only 800 k.w. connected to the busbars. With machines of greater 
power I suppose it would be at least in proportion and probably more 
than in proportion to the increase of power in the machine itself. In 
Mr. Walker’s test the machine comprised the principal resistance in 
circuit. Let us consider for a moment what would happen from a 
purely theoretical point of view, taking the known data as to the 
amount of heat liberated in a conductor bya given current and the 
consequent rate of rise of temperature. First, let us consider a copper 
fuse exposed to the air, and let us assume that the normal temperature 
is 500° F., and that its melting-point is 2,000? F. (I have not the exact 
figures by me at the moment). Before therefore the fuse can melt it 
must be carried through 1,500° F. of temperature. Now, if we take the 
rate of generation of heat in a copper conductor due to a given current 
and neglect radiation and convection we shall certainly underestimate 
rather than overestimate the time which will. elapse before the fuse 
melts. Take, now, the known data that a current density of 2,000 
amperes per square inch gives a rate of increase of temperature of about 
60? F. per minute, this will give us a rate of rise of temperature of 
0'025? F. per second with а current density of 1,000 amperes per square 
inch. To fix ideas, consider a copper wire s in. in diameter and 
5 in. long, its cross-sectional area is roughly o'0005 sq. in., and its 
resistance, cold, is roughly 0:007 ohm, we may tabulate results with 
such a wire as follows :— 


0'5 ampere = 1,000 amperes per square inch = 0:025? F. per second. 
50 amperes — 100,000 amperes per square inch — 250? F. per second. 
500 amperes == 1,000,000 amperes per square inch == 25,000" F. per sec. 


Therefore, bearing in mind that the fuse has to rise through 1,500? F. 
* Journal of the Institution of Electrical Engineers, vol. 45, p. 316, 1910. 
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of temperature, it would mean that the times taken would be theoreti- 
cally as follows :— 


А 1,500? Е. 
0'5 ampere = 1,000 amps. рег square inch = O'o259 F. — 60,000 seconds. 
(2.е., practically continuous rating). 
| 1,500? Е. 
50 amperes — 100,000 amps. per square inch == aso F. = 6 seconds. 
. 1,000? Е. 
500 amperes = 1,000,000 amps. per square inch = ————6-ту = 0°06 sec. 
25,000" F. 


So that at first sight from purely theoretical considerations it would 
seem possible to pass a current through such a wire corresponding to 
Over 1,000,000 amperes per square inch, and yet not to generate 
sufficient heat to blow the fuse before the current had attained a value 
which, from Mr. Walker's test, might quite easily be attained in the 
roooth part of a second on a busbar system carrying only 800 k.w. of 
power behind it. I venture to think that not even the most credulous 
amongst us will believe that a copper wire of 45 in. in diameter would 
Carry 500 amperes for o'06 second (or, say, 4,000 amperes for o'ooI 
second) before it fused, so that there would appear to be some factor 
overlooked in the argument, and I would be much interested to know 
if any of our fuse experts can throw any light on the question. At first 
sight it would appear to be due to an enormous rise in the internal 
resistance of the fuse itself, particularly near the melting-point ; but this 
alone would hardly account for it, because according to some tables 
compiled by Clark and Sabine from tests made by Müller many years 
ago, it seems that the resistance of molten copper is only some eight 
times the resistance of cold copper, and there are no intermediate 
higher values before the melting-point is reached. This, therefore, 
would only reduce the above results ten times at the utmost, whereas 
one would expect that they would want reducing fifty to one hundred 
times. Iraise the question in the hope that somebody will throw some 
light upon it, being confessedly unable to answer it myself. It may 
be remarked that if we neglect radiation the mere effect of my having 
taken a very small wire in no way vitiates the application of similar 
results to a wire or copper strip of much heavier dimensions. The 
same current densities should theoretically be reached. I should also 
add that if the current does attain anything like the values indicated, 
there must be set up tremendous effects of electromagnetic inertia 
across the fuse at the instant of breaking, and these would probably 
increase the ordinary disrupting effect on the fuse. 

Mr. К. К. Morcom: One thing that strikes me in regard to this 
question is that once things are standardised various authorities will be 
laying down limits, and my experience is that when authorities lay 
down limits they generally make them as inconvenient as possible. If 
this standardisation of fuses is carried through, and close limits are 
imposed, I am certain it will lead to even more tampering with fuse 
circuits than exists now. Safety devices are often a nuisance in prac- 
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tice, and are treated as such. I was in a tramway station in South 
Africa where they had a number of automatics, and every one was tied 
up. Again, on the Continent, I was in a hotel where the lights in the 
various guest rooms were continually going out because the fuses were 
so very close. All one had to do, however, was to take a two-franc 
piece and put it across the terminals, so preventing the incon- 
venience. 

Dr. D. K. Morris (communicated) : The author gives at the end of 
his paper a suggested basis for a specification for standard fuses. Asa 
device for opening a circuit on overload through the heating effect of 
such overloads, the fuse has until recently been the only apparatus 
available. Itis interesting, however, to notice the remarkable way in 
which the thermally operated time element circuit breaker now meets 
the conditions of the author's specification. Taking the clauses in 
order, we note (1) that the thermal breaker, being operated at a low 
temperature rise, is quite permanent in its rating ; in a breaker not 
fitted with adjustment the releasing current cannot be altered and the 
breaker can be clearly marked ; the breaking of the circuit is obvious 
from the position of the arm ; (2) the rated current can be as much as 
80 per cent. of the limiting current (as compared with 50 per cent. for 
a good fuse ; (3) the loss of watts in the thermal strips is approximately 
one-fifth that of a fuse, and the temperature rise is 50°, not roo? С. As 
a means for breaking a circuit the thermal breaker can be properly 
designed to meet severe conditions with carbon and auxiliary metal 
break or magnetic blow-out. In fact,it meets all the requirements 
laid down by the author's specification. In addition, the circuit is 
always ready for immediate closing without the delay that arises in 
replacing and re-wiring a fuse. In all cases, therefore, there would 
appear to be a great advantage in using thermal circuit breakers in 
place of fuses. | 


Mr. Н. W. KEFFORD (in reply): I think that Mr. Taylor's remarkable M 


conclusions are partly due to his having neglected to take into account 
the rise in resistance of the copper or other fuse metal with its tempera- 
ture, which would greatly decrease the time taken to blow the fuse, 
and would help to bring the results of calculation and observation into 
line. At the same time, it is perfectly true that the momentary current 
rush on short circuit might approach very closely to the maximum 
value, corresponding to the impressed voltage and the impedance of 
the circuit. I would ask those speakers who hold the opinion that the 
time is not yet ripe for standardisation whether a more favourable 
time is ever likely to arrive. We now have at our disposal the expe- 
rience and results of the fuse standardisation adopted by other nations, 
and no further time should be lost in attacking a problem which is 
rendered more and more difficult and complex the longer action is 
deferred. "There is, of course, an innate conservatism in this country 
which adversely affects any movement of this kind, but I believe that 
just as standards have proved highly beneficial in the realm of 
mechanical engineering, so would the standardisation of fuses and 
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similar electrical apparatus be regarded as a necessary and profitable 
step by those who have had a large experience in using or designing 
fuses, or who are interested in adding to the safety and convenience of 
electrical installation of all kinds. Although it may be difficult to 
observe accurately the limiting current of a fuse, this quantity is just as 
definite as the specific heat or electrical resistance. If an accurate 
determination is to be made all disturbing factors must be eliminated. 
For all practical purposes the limiting current can be obtained with 
sufficient accuracy on the basis of a 4 hours' run. Tests have shown 
that the difference in the currents required to effect fusion in 4 hours, 
and б or even то hours, is so small as to be negligible for all ordinary 


purposes. Short-circuit tests should certainly be carried out under 


well-defined conditions if the results are to be comparable with one 
another, and the most practicable arrangement appears to be the use 
of one or two specified central station batteries throughout the country 
for the purpose of standard short-circuit tests. The wide variations 
liable to occur in the self-inductive end capacity properties of different 
sources of current would be eliminated; and the details of the remainder 
of the circuit as regards these properties could then be laid down with 


exactitude. I do not agree with Mr. Gott that a fuse should not be 


expected to save plants from overloads, since this is a function for 
which properly designed fuses are in many cases more suitable than 
circuit breakers. It is as important to protect circuits from prolonged 
overload as from sudden short circuit. As pointed out by Dr. Kloss, 
there is no occasion whatever for supply authorities to specify the 
minimum length of fuse; the object in view is the safe and rapid 
extinction of the arc, and this could be ensured with far greater 
certainly in a properly designed enclosed fuse having a 1} in. break 
than in an open-wire fuse of three timesthislength. I am very glad, in 
one sense, to hear that Mr. Shaw has had trouble on one occasion 
owing to the non-interchangeability of a fuse, since the effectiveness of 
the device is thus demonstrated. The particular Siemens non-inter- 
changeability system described in the paper is at present used for 
normal carrying capacities up to 60 amperes at 500 volts, but will be 
extended eventually to much larger sizes. It should be borne in 
mind that the non-interchangeability device could be dispensed with 
at the discretion of the supervising engineer, since it is the maximum 
current which the gauge-piece determines, and by using the largest 
possible gauge-piece any fuse cartridge can be inserted at will. 
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ISOLATED ELECTRICAL PLANTS. 


By R. C. PLOWMAN, Student. 


(Abstract of Paper read before the Students’ Section in London, 
March 16, 1910). 


Competition with Imported Supply of Current.—Very early in the 
consideration of the subject of isolated, or private, electrical generating 
plants comes the question of the economy or otherwise of such plants 
over a possibly available supply of current from without. Many supply 
authorities in England, supplying or seeking to supply energy at rates 
competitive with the total cost (including both capital and running 
expense) of privately generated current, do so at prices which it would 
seem cannot possibly be remunerative to an undertaking with a 
predominating power load and a large capital expenditure per kilowatt 
of plant installed. This matter was thoroughly thrashed out by Mr. 
J. F. C. Snell in his paper, “ Cost of Power for Industrial Purposes,’’ * 
read before this Institution in 1908. Mr.Snell's conclusions were in the 
main strongly supported by his audiences, and the figures which he 
set forth are therefore taken by the author as the lowest remunerative 
rates at which current can be supplied by the authorities mentioned in 
his tables. From a comparison of Table VII. in Mr. Snell's paper and 
Table I. (page 650) two important conclusions may be drawn :— 


I. That there is no central station in London (with the excep- 
tions, perhaps, of Hammersmith and East Ham) which is 
supplying current at competitive rates for power purposes, 
which is also making a sufficiently large charge to cover the 
total cost of production, and, further, to make a profit. 

2. That those stations supplying at or above the correct rates are 
doing so at rates which authenticated figures show are not 
competitive with the cost at which current can be supplied 
by a well-designed private plant of a fair size. 


Cosl of Power from Privale Plants.—The latter conclusion should be 
evident from a scrutiny of the figures comprised in Table I. 

To effect a saving over the local plant, the advantage of cheaper 
generation possessed by the larger station must be sufficient, after allow- 
ance has been made for a reasonable profit on the undertaking, to wipe 
out the heavy capital charges incurred on the transmission feeders and 


* Journal of the Institution of Electrical Engineers, vol. 40, p. 288 et seq. 
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distributing networks, and under many conditions which are quite 
ordinary in the present-day extended use of electric power, an 
advantage of this magnitude is unattainable, and there remains in 
consequence, at any rate on the score of economy, a wide field for the 
private plant for factory operation and similar heavy duties. 

Merits of Outside Supply.—The other factor in the situation is that 
of convenience to the consumer. Central station power promises 
continuity of supply without responsibility to the owner, ensures his 
independence of strikes in other trades producing the materials for 
generation, leaves him free to contemplate extensions without regard to 
the provision of additional power plant, and is supposed to set free his 
capital for investment in further productive machinery. 

Other General Considerations.—In small works up to, say, тоо H.P., a 
straight fight between the external and internal plant would, and ought, 
nearly always to result in favour of the central station ; but in many 
large works the issue is complicated by certain other considerations. 
There are many works, for instance, which must of necessity make use 
of a large supply of steam in other places than in steam engines. Thus 
less than half the steam used in a paper-mill is consumed by the 
engines, the rest being required for various heating and drying require- 
ments in the manufacture of paper. There are many similar works 
where steam has to be raised in any case, and where the taking of an 
outside supply in no way secures the entire scrapping of boilers and 
abolition of stokers’ wages. 

Again, many operations such as flour milling, cement crushing, 
paper pulp beating, etc., require a large amount of power, some hun- 
dreds of horse-power it may be, on a single machine. In a case like 
this there is rarely any need for electrical transmission at all, as it 
must always be remembered that one cannot claim more than 9o per 
cent. efficiency for electrical transmission, and this value is almost 
within the range of compact mechanical transmission by a short, stiff, 
line-shaft, or even of the direct carriage of steam in properly lagged. 
and short steam pipes. "Therefore it is generally possible, and most 
economical, to drive the heaviest machines through a compact 
mechanical transmission, or in some cases the driving engine is actually 
incorporated with the machine which forms its load. But in works of 
this description there will generally be a number of scattered auxiliary 
machines which present an admirable case for electric driving, and it 
will be shown how in the case of a paper-mill typical of works of this 
class it would obviously be better to obtain these electrical units from 
the works' own boiler plant rather than from the boilers of a central 
station at a considerable distance away. 

The Power Problem in Particular Works: I. Textile Mills.—The 
cotton-mill provides one with a good instance of power having been 
generated on the premises without hitch or trouble for years on end, 
and where the mill-owner cannot see any reason why he should wish 
to import current because he intends to change the method of trans 
mission of power between engine and machinery; that is to say 
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providing he cannot import current more cheaply than he can 
generate it. 

Cotton-mills usually owe their geographical situation to the fact 
that coal is present in abundance close at hand, and therefore it 
follows that coal is a comparatively cheap commodity to the mill- 
owner. Не сап, in fact, purchase coal almost, if not quite, as cheaply 
as can the power station in the same district, and the mill set is usually 
sufficiently large to ensure economical consumption of steam. More- 
over the neighbouring power station with a mixed load, most of it 
possessed of a bad load factor, will certainly not have as good a load 
factor as the cotton-mill. Rarely, indeed, will it have one which is one- 
half as good. Hence the larger station does not appear to have much 
advantage in generation, and what there is will probably be wiped 
out by the heavy cost of transmission, which must be borne by some 
one, before the mill is finally reached. 

The conditions in the mill make a further demand which is in 
favour of the isolated plant, in that a large quantity of steam is required 
annually to keep the atmosphere humid in the mule-sheds, and to 
ensure a warm atmosphere throughout the mill in winter, a point to 
which textile manufacturers pay much attention. 

How all these considerations appear in figures is shown by Table II., 
which gives a digest of Mr. W. H. Booth's estimate of the capital and 
running costs in a textile factory, both when current is purchased from 
an external source and when it is independently generated. 

It will be seen that on account of the high average load in the 
mill, goo k.w. on a 1,000-k.w. engine, the cost of current is enormous, 
in spite of the fact that the estimated charge for current is very low, 
viz., 0°5625d. per unit. Now, assuming for the sake of argument that 
the mill is in the area of supply of the Manchester Corporation, it is 
seen by reference to his paper,* that the price which Mr. Snell estimates 
should properly be charged by this authority, when the annual load 
factor is 30 per cent., is o:86d.; so that the price which is taken by 
Mr. Booth must be regarded as a very moderate one. Yet in spite of 
this price the cost of power in the mill when current is derived from 
without is 0'657d. per unit against a cost of o'541d. per unit from the 
works' own plant. 

Granted that the mill can generate current more cheaply than it can 
buy it, we have not yet quite fully appreciated the mill-owner's point of 
view. Electrical transmission is at the bottom of the benefits which 
electricity has to offer in the textile mill. It has been proved that 
electrical transmission in the room of mechanical transmission increases 
the output of the mill some 5 per cent., because it renders safe an 
increase in the speed of the spinning frames. With mechanical trans- 
mission one cannot run at the highest frame-speed actually possible, 
because if one did there would come a time when, with an irregularity 
in speed of shafting due to fluctuating local load, the speed would be 


* * Cost of Power for Industrial Purposes," gournal of the Institution of Electrical 
Engineers, vol. 40, p. 311, Table IX., 1907. 
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increased beyond the allowable maximum, and broken threads would 
result. But with 3-phase motors, local fluctuating loads will not affect 
the driving speed at all, as such speed will be governed by the frequency 
of supply ; hence the maximum possible speed may be adopted right 
away as the average running speed. This increases the output of the 
frames very considerably, and is a point of immense importance. The 
mill-owner therefore wants electrical transmission rather than electric 
power, if one can draw such a distinction, while maintaining absolute 
reliability in the source of power. Both these he can do by tacking on 
electrical transmission to his own engine, where this is one of the 
highly perfected and economical engines such as are customary in mills 
of the kind under consideration. Such an engine has probably ncver 
failed him, and his very strong faith in it is fully warranted by ex- 
perience. Consequently the author considers that the most satisfactory 
conversion to electric driving in these cases is by means of power 
generated by a 3-phase alternator direct-coupled to the mill's existing 
engine—usually of the cross-compound slow-speed reciprocating type. 
Engines of this type usually have a cyclic irregularity as low as one- 
half of 1 per cent., and this gives almost as near an approach to abso- 
lute constancy in speed as does the turbine, generally recommended 
for textile work. 

II. Paper-mills.—Paper-mills again present a problem of motive 
power supply which is not solved merely by a competition for cheap 
generation between the central station and the isolated plant. As 
previously mentioned, it is not uncommon for as much as 6o per cent. 
of the steam used in a paper-mill to be required for manufacturing 
purposes, even when the fullest possible use is made of exhaust steam 
in the paper machines, calenders, etc. 

The first requirement of a paper-mill is for heat rather than for 
power ; hence the power, though demanded in large amount in a mill 
of any size, is not the most important consideration in the lay-out of a 
paper works. Consequently there are very few instances of works of 
this kind being driven electrically, with a separate system of live steam 
supply to those machines requiring heat. We have therefore a large 
boiler plant not only for power, but also for drying, boiling, warming, 
glazing, and other operations, and imported electrical power offers a 
comparatively unimportant prospect of shutting-down boilers. 

This will be more plainly seen from Table III., which is an analysis 
of figures given by Mr. T. Y. Nuttall* in 1906 before the Paper Makers' 
Association of Great Britain and Ireland, which show the disposal of 
heat and power in a paper-mill laid out on up-to-date lines, and in 
which electric power is used to drive the auxiliaries only. From this 
table it will be seen that the biggest items in the energy bill, either for 
power or for heat, are :— 


т. Power required to drive the heavy machinery dealing with the 
raw material in its early stages (item r). 
2. Heat required to dry the paper (item 4). 


* “Comparative Cost of Steam and Water Power for driving PEE Mills," by 
T. Y. Nuttall, Paper Makers’ Circular, December, 1906. 
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The first requirement can be efficiently met with simple mechanical 
transmission, as these machines are always arranged compactly with 
respect to the main drive, and there is nothing to be gained by a double 
conversion of energy through dynamos and motors. The second 
requirement (item 4), as also item 5, obviously cannot be met 
electrically. 

Then with regard to item 3 in the table, it must be borne in mind 
that the figure of 0'4 Ib. of coal per I.H.P. is an inferential one, which 
can only be included when the exhaust steam from these engines does 
useful work in drying the paper on the machines incorporate with the 
engines, thus reducing item 4 for paper drying in the heat sum of the 
whole mill. | 

Consequently, if we took out the steam drive of the paper-making 
machines, and substituted electricity, we should have to charge more 
nearly 2 lbs. of coal per I.H.P.-hour to item 3, thereby increasing it 
some five times, and the boilers would still have to supply the heat 
necessary to dry the paper. So that from this standpoint electricity 
would mean a higher cost of production of the paper. 

We therefore conclude that only about 11 per cent. (item 2 in the 
table) of the total energy required in the mill can be economically 
met electrically, and we now have to decide whether this power can 
best be supplied from outside or from the works’ own plant. Now all 
the power necessary to drive these scattered auxiliaries is latent in the 
exhaust steam from the main engine driving the beating machines 
(item 1, Table III.) by line-shaft, or in that of the several beating 
engines if these machines are individually steam-driven. In any case 
an exhaust steam turbine can be coupled up either to the one engine, 
or to a number of the individual engines through a common receiver. 
This turbine will supply all the power necessary for the auxiliaries and 
for lighting the works, without any material increase of coal con- 
sumption under the main boilers. The annual cost of power, therefore, 
will be simply capital charges plus running charges on the turbine 
plant, and the latter will amount to nothing more than the cost of oil, 
waste, and stores, as wages, like coal, will not be increased. Assuming, 
for example, a load of 250 k.w., the first cost of the turbine plant will be, 
say, £4,000. Then total annual cost of power incidental to private plant 


will be— 
£ s d 


Capital costs, 15 per cent. on £4,000 ... боо о о 
Running costs, 1,500,000* units at 
0'075d. per unit ios sas vs 468 13 o 


1,068 13 O 
Now total annual cost incidental to supply from outside will be, at 
a purchase price of, say, 0'075d.— 


1,500,000 units at o°75d. == £4,687. 


* Assuming annual load factor of 75 per cent, 
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Showing a saving by adopting the independent exhaust steam plant of 
about £3,620 per annum, a very considerable sum. 

The above facts make out an obvious case, in the author's opinion, 
for localised electrical generation for the purpose of driving the 


TABLE IV. 


Descriplion of Working of a Small Colliery Plant, running 
non-condensing and burning “ washings.” 


Description of Plant. 
Engine : 365-H.P., 2-crank, compound, non-condensing, 125 lbs. per 
square inch pressure, 375 revs. per minute. 
Boilers: Two Lancashire boilers, 150 ibs. 
Dynamo: 3-phase, 250 k.w., 500 volts, 50 cycles. 


Capital Outlay. £ s d. 
Engine, generator, switchboard, etc. ... ss .. 1,400 O O 
Boilers NY vas v .. 873 о о 
Buildings, foundations piping. ete: Ө idi .. 516 0 O 

Total б aa ios isi .. 2,789 о о 

Annual Running Costs. | £ s d 
Wages of two enginemen ... ET Jd = . 194 I3 4 
Wages of one fireman $us ке 8 us з 82 3 6 
Coal, 3,600 tons at 1s. 6d. per ton Es m .. 270 О О 
Oil, waste, and stores ds s ies e i IO O O 

Total РР ise ve deg ... 556 16 10 
Annual Capital Charges. £ з. d 
Depreciation and upkeep of engine, HERE switch- 
board, etc. ... js >з bis "S is .. IIO о O 
Depreciation of Boilers T y5 TT ix is 58 4 о 
Depreciation of buildings ... T M ndi га 20 13 O 
Upkeep of buildings eos - jii m 10 б о 
Interest at 6 per cent. on capital outlay .. к .. 167 8 o 
Total m T i ve .. 366 11 o 
Output for November, 1909 ps ... 25,429 units 
Running cost per unit iss "n .. O0'438d. 
Capital cost per unit — — ... ES .. 0°287d. 
Total cost per unit ... .. ... o'725d. 


auxiliaries in a paper-mill, and the prime mover should certainly be an 
exhaust-steam turbine supplied with steam from the beater engine. 

III. Collieries.—Collieries again present a case where, viewing the 
matter on logical and impartial grounds, one is led to the conclusion 
that there is a wide field for the isolated plant in the industry concerned. 
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At the very start, coal is cheaper at a colliery than anywhere else, for it 
is present in abundance at a market value which is sometimes nothing, 
and sometimes any price up to, say, 1s. ба. per ton. Such coal is 
variously known as “smudge” or “ washings,” and every colliery has 
more of it than it kncws what to do with. Granted that the local plant 
must burn far more of such fuel per unit than a central station burning 
decent coal, such a plant can still generate much the more cheaply of 
the two. Yet a great deal will depend upon the kind of load on which 
the power generated is to be used. If it be on haulage only, with a 
load factor very often of about 5 per cent., the capital charges will be 
disproportionate, and the outside supply will be able to compete 
successfully. But given an average load with a fair amount of pumping 
and ventilating included, the inside plant will be a long way cheaper 
than the outside. Table IV. gives particulars of the running of a small 
colliery plant of 250 k.w. The plant runs on an average load factor 
of about 20 to 25 per cent., using coal worth about 1s. 6d. per ton 
at the most. The engine runs non-condensing, with hand-fired 
Lancashire boilers, апа the consumption of coal is at least 20 lbs. per 
unit, against a probable figure of, say, 4 lbs. in the central station. In 
spite of this the cost per unit in the month of November last, when the 
test was taken, was only 0°727d. per unit, and since then the cost has 
been coming steadily down as the load on the set is increasing. The 
load consists of hauling, pumping, coal-cutting, and rock-drilling, and 
the running hours are 168 per week. | 

Even under the above ordinary conditions, therefore, the localised 
plant comes out considerably cheaper; but under conditions which 
are not more special in a large colliery, viz., where an exhaust-steam 
turbine may be coupled up to a powerful winding engine, we have 
a similar state of affairs to that described for the paper-mill, and there 
is again no comparison between the internal and external supply. 

Prime Movers for Industrial Plants.—There is a choice before the 
manufacturer installing his own plant of four.principal prime movers ; 
that is, there are four if we omit the exhaust steam turbine, which can 
only be regarded as a prime mover in combination with some other 
steam engine or engines. These four are :— 


I. The steam turbine. 

2. The reciprocating steam engine, vertical or horizontal, with 
double or triple expansion. 

3. Suction-gas engine. 

4.. Diesel oil engine. 


Steam Engines.—The prime mover which finds the most favour 
among manufacturers is undoubtedly the steam engine. This is not 
surprising when one remembers that there are many mill engines 
running to-day which have performed their tasks well-nigh perfectly 
for years on end, and so have planted in the minds of their owners 
a deep-seated and natural prejudice in favour of steam. One must 
therefore be prepared to show a very convincing record of reliability 
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and economy in the prime mover which one proposes to install for 
electrical generation, and this is not altogether an easy matter with new 
types of engines. | 

It may be taken in general that the reliability of the horizontal slow- 
speed and vertical high-speed engine, either simple or compound, will 
pass unquestioned in most industrial quarters; the triple-expansion 
high-speed vertical engine and the steam turbine come next, with the 
balance certainly in favour of the reciprocating engine. Then follow 
the debatable types such as the producer- or suction-gas engine, and 
the Diesel oil engine. 

It will generally be found that a mill-owner would sacrifice a little 
—a very little—in economy to obtain as nearly as possible absolute 
reliability, and hence for powers under r,ooo k.w. the reeiprocating 
engine wins most often on the score of reliability. Under 500 k.w. it 
undoubtedly wins also on the score of economy, while over 1,000 k.w. 
the turbine is the victor. 

In other industries where a large amount of steam is required for 
boiling, warming, drying, or other purposes, it rarely pays to run a 
turbine condensing, with a separate live steam supply for calorific 
purposes. In such cases we must revert again to the reciprocating 
non-condensing engine, whose exhaust steam can be conveniently used 
for manufacturing or other purposes as required. Any opportunity 
for advantageously installing an exhaust-steam turbine as mentioned 
earlier in the paper will naturally be seized and acted upon. 

Considering now in brief detail the popular reciprocating engine, 
we may proceed to note the choice of type available. The selection of 
type will (or ntay) depend upon :— 


I. The boiler pressure available from an existing plant. 

2. The boiler pressure necessary or desirable for manufacturing 
purposes. 

. Whether the engine is to run condensing or non-condensing.: 

. The probable relation of the average to the maximum load. 

. The possibility of overloads. 

. Capital available. 

7. Space available. 


nu + W 


The last two considerations generally put the horizontal engine out 
of court, and at any rate it is rarely considered in connection with factory 
work, the vertical high-speed engine being nearly always adopted. 

Each industry demands different treatment in the selection of the 

Ауре most suitable, but the factor with the greatest influence on choice 
is naturally that of power required. In the majority of works where 
vertical engines are installed, the demand will be somewhere betwecn 
тоо Н.Р. and боо H.P., and a boiler pressure somewhere between бо lbs. 
and 160 lbs. will usually be available or suitable. Under these 
conditions one would generally install a 2-crank compound engine. 
These engines have few parts to keep in order, the economy is good, 
and the first cost low; the pressure is not high enough, moreover, for 
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triple expansion. For powers above 600 H.P. and where the steam 
pressure is too low for a triple-expansion engine, the 3-cylinder 
compound engine, having one high and two low-pressure cylinders, is 
the most suitable. Where a good pressure of 160-200 lbs. is avail- 
able, and where an engine of at least 250 Н.Р. is required, it will be 
advisable to put in a triple-expansion 3-cylinder engine. Given a 
factory plant to lay out de novo, one might safely select in the 
majority of cases a medium boiler pressure of, say, 160 lbs. and a 2- or 
3-cylinder high- and low-pressure compound engine. This means a 
plant of moderate first cost, although if more money be spent, greater 
economy can. be obtained with a boiler pressure of, say, 200 lbs. and a 
triple-expansion engine. 

Suction Gas Engines—The subject of producer-gas engines has 
received a great deal of attention of late years, and references are 
given in this paper to sources * where full information as to the details 
of working, both mechanical and chemical, may be found. 

The suction gas plant can only find favour with factory owners and 
others by a proof of very decided economy over other types, as certainly 
the average individual with a mill to drive will prefer the steam engine 
on the score of its greater simplicity and less first cost. Against the 
advantage of probable cheaper running cost one must offset in the case 
of the gas plant its high first cost, its inability to support overloads, the 
great amount of cooling and cleaning water required, and the nauseous 
character of the effluence from the scrubbers. ‘There is very little 
saving in buildings, if any at all, as the regulations for factories require 
a separate building for the producers. 

The gas plant will, however, be able to show considerable 
economical advantage in a station where there is much standing-by. 
Very little stoking is needed to keep the fires going sufficiently to 
enable gas to be produced when desired in a few minutes. This 
advantage is not likely to have much scope with isolated factory plants, 
however, as the essence of the success of such plants lies in their 
having a good running load factor and no standing-by. If these con- 
ditions do not exist, then it will be better in almost any circumstances 
to invite a supply from a power company. 

The basis of argument in favour of the gis plant therefore consists 
in the saving in running which it promises to effect. There is some 
difficulty in obtaining reliable data as to the running costs of these 
plants, and when the data are really reliable they do not appear to be 
very favourable. However, with every wish to do justice to this type 
of plant, the author will reproduce first some figures which were given 
by Mr. P. W. Robson before the British Association Meeting in 
September, 1908, relating to power costs with suction gas engines.] 
These are given in Table V. Costs are here given for gas plants 

* E.g., “Note on Suction Producer Plant,” by A. E. Porte, Fournal of the Institution 
of Electrical Engineers, vol. 38, p. 697, 1907. “Gas Power,” by J. E. Dowson ; also 
Fournal of the Institution of Electrical Engineers, vol. 33, p. 304, 1904. 


T See Electrical Review, vol. 63, p. 446. “ Production of Cheap Power by Suction- 
Gas Plants," by P. W. Robson. 
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actually at work in a cement works, a weaving shed, and a small 
factory. The influence of load factor is very evident. The cement 
works has much the heaviest load, the power demand in this industry 
being very great and the load factor high. The running charges in 
this case swamp the capital charges, but on the other hand, the capital 
charges on the small factory plant completely outbalance the running 
charges, and the cost per unit is nearly three times as high. It is 
very doubtful if a suction-gas plant would ever be successful econo- 
mically with a load factor of less than 15 per cent., due to the heavy 
charges for interest and depreciation. 

The serious charge for water on the small plant is also interesting, 
being equal to half the total fuel cost, and illustrating one of the draw- 
backs to suction gas plant. At the same time the figure of less than 
124. per unit for so small a plant as 20 Н.Р. is remarkably good, and 
may give more food for thought to supply authorities. 


TABLE VI. 
Running Costs of Suction Gas Plant at Letchworth. 


Particulars of running, December, 1909 :— 


Cost of coal per ton ES TT — ... 36s. 8d. 
Cost of water per 1,000 gallons... bos ef ISO 
Cost of oil per gallon  ... = ке ix. 28. 
Coal consumed in Ibs. ... ..  .. ... 22,368 
Coal used per unit in Ibs.... T S .. 1'68 
Water used per unit in gallons ... "e ... 496 
Oil used in gallons ies e € -. 9'00 
Units generated ... ess ү! jd ... 13,290 
Cost of coal per unit | ... n i ... 0°329d. 
Cost of water per unit  ... ios ju ... O'o59d. 
Cost of oil per unit т m .. ^.  O'Or6d. 
Wages, per unit  ... We sei a .. 0°336d. 


Total works cost per unit, 0°740d. 


Turning now to figures which the author can more easily vouch 
for, Table VI. gives the running costs of the suction-gas power station 
at Letchworth, for which figures I am indebted to the kindness of 
the consulting engineers, Messrs. Swinburne, O'Gorman, Baillie, and 
Dobree. 

The plant consists of two 100- H.P. Campbell producer-gas engines, 
and a 300-ampere-hour battery. This station is at present running upon 
a very low load factor, and the costs per unit will necessarily be much 
less when more current is supplied.* It is not fair to regard these 
. figures as the best of which the plant is capable, and capital charges 
have not been added, as the load factor is so poor. At Letchworth 


* The costs have since been reduced from 0°740d. to о'7ота. 
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a supply of electricity was regarded as a necessary advertisement, and 
the station was not expected to bear a profit in its early years. Capital 
was also strictly limited, so that it will be seen that the difficult 
and variant conditions were adequately met by the suction gas 
plant. 

To sum up, then, it may be stated that it may very well be advan- 
tageous to install suction gas engines :— 


I. Provided that there is a large supply of water close at hand 
and costing very little (as a canal). 

2. If the running and the annual load factors are both high. 

3. If much standing-by is necessary. 


Even though the running load factor were high these engines should 
certainly not be put in on a very low annual load factor, nor in cases 
where overloads more than то per cent. may be expected. 

Diesel Oil Engines.—The Diesel high-speed vertical oil engine is 
perhaps the most recent of the medium power prime movers to be 
put forward for factory work. As is well known, this engine differs 
from ordinary types of internal combustion engines mainly in the 
fact that the oil vapour is ignited by a heated charge of air under 
intense compression in the cylinder head, and consequently no 
external source of ignition is required. This appears to render the 
engine remarkably simple and likely to prove independent of skilled 
attention in running. But the writer is informed on good authority 
that without something more than the attention which a driver 
accustomed to steam engines is likely to bestow upon it, the Diesel 
engine does not prove economical. It requires, in fact, highly skilled 
labour to run it successfully, and this imposes a serious restriction 
upon its use, since the ordinary “handy man” is not sufficient. Then 
the first cost of а Diesel oil engine plant is undoubtedly very much 
higher than that of either a steam or suction-gas plant, and this, of 
course, has a markedly unsatisfactory effect upon the total cost where 
the load factor is low. 

The question whether it will be advisable to install a Diesel engine 
will turn upon the following considerations :— 


I. Price of coal delivered. 

2. Price of fuel delivered. 

3. Load factor (annual), and less so (running). 
4. Capital cost. 


The relative costs of coal and oil will, of course, decide the question 
as to which has the advantage in fuel costs, and it appears that oil 
needs to be five times as dear as coal before it pays, as regards fuel 
costs, to substitute the steam engine for the oil engine. Assuming, 
however, that the saving in.fuel cost is to balance the extra capital 
.cost of the Diesel engine, it would be necessary to obtain the oil fuel 
at only 34 to 4 times the cost of the coal. As it is not at all safe to 
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‚ reckon on obtaining the oil delivered at less than, say, 585. a ton, and 
as coal in industrial districts can very well be obtained at 12s. 6d. a 
ton or less, it is seen that the economy of the Diesel engine will be 
under average conditions rather at the mercy of the price of oil, which 
at present shows frequent inclination towards violent fluctuations. 

It may be taken, then, that the reasons why the great claims of this 
engine do not lead to its more frequent installation are :— 


I. Uncertainty as to price of oil. 
2. High capital cost. 
3. Need of more skilled labour. 


The first two considerations in particular render it а very risky 
matter to recommend a Diesel engine for factory work, and they find 
a field rather for small lighting stations situated in country districts 
where coal is dear both to buy and to cart. 


TABLE VII. 


Running Costs of Diesel Plants. 


Works Cost per Unit. k d 
Y © 
sS || Be | ўв —| $s 
Sa |28| 48 | of d 3% | 55 
Zo E 54 | Z& |FuL| ва | 9 | ES | $a 
& du |B 58 | FS 
ON @ E 
Per 
s.d 
Small central, Two Cent. 
lighti = 
tion nun: | шок |o a 53 II | 0'193 | 0028 | 0°139 | 0735 0'395 
load) i 
C ; Two | 
Same station | | | i 
(winter load) | ет | 16 == 68 4 | 0245 | 0027 | озо | 0067 0°645 
F B 
PUE. Sant] 160-k.w.| 45 | 270,940 | — 0'270 | 0123 | 0332 Ss 0:725 


I am indebted to Messrs. Handcock and Dykes for some valuable 
figures as to the running cost of certain Diesel oil engine stations, and 
these results are set forth in Table VII. Running costs only are given. 

The wide disparity in the purchase price of oil during the year will 
be noticed, and the distressing effect which this must have upon {һе 
owner of a plant can be judged. 

This plant feeds a lighting network, but as this paper deals primarily 
with plants for industrial purposes, I append further figures in the 
table, for which I am again indebted to Messrs. Handcock and Dykes, 
showing the running cost of a plant installed for driving a factory, 
Other costs are given in Table I. 
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Dynamos.—The choice of type of dynamo is not a matter where 
many considerations count. Unless the load is subject to frequent 
variations the shunt-wound generator will give satisfactory results, 
and requires a switchboard slightly simpler than does a compound- 
wound machine. Where the load fluctuates violently, however, or 
where office or house lighting is to be provided, the compound-wound 
type must be adopted.  Equalising connections are then advisable 
between the machines if more than one is installed. 

Swilchboard.—lt is most important to keep the switchboard as 
simple as possible. Overload circuit breakers, for instance, are a 
doubtfully beneficent complication. There must be a reverse-current 
circuit breaker on each machine, of course, to provide for such con- 
tingencies as failing fields, careless switching, etc., and there should 
be an overload circuit breaker to each main feeder. If is most 
important in industrial work that the power should not be cut off 
suddenly, else all the belts come to a standstill on the fast pulleys, 
and there will be a succession of troubles in starting those motors 
which are intended to start up on a loose pulley. Thus it is as well 
to confine any stoppage to as small a section of the plant as possible, 
omitting the generator overload circuit breakers for this purpose. If 
fitted, they should have liberally set time-limit relays to retard their 
opening of the circuit. For a similar reason it is as well to split up 
the supply among a larger number of feeders than may be absolutely 
necessary. The switchboard instruments require no comments, except 
that they should be as few as possible, and be possessed of something 
more, if obtainable cheaply, than the usual clearness of figuring. 

Capacity of Generators and Motors.—It may be taken as certain that 
the generating plant in a factory will never have the same capacity as 
that represented by the total horse-power of all the motors, etc., to be 
supplied from it. The exact relation will depend upon the diversity 
factor among the machines, upon the load factor of each individual 
machine, and upon the extent to which the machines are grouped or 
individually driven. Table VIII. shows how the capacity of generating 
plant has worked out in a number of different works where electrical 
plant has been installed, and it will be seen that the size varies from 
20 per cent. of the maximum possible power in the case of a bleach 
and print works to 79:5 per cent. of the same in the case of a 
weaving shed. 

With the total capacity of the generating plant decided upon, there 
remains the question whether it will be advisable to vest it in one set 
onlyor in two or tbree. It appears to be the best plan to install three 
sets each of half the average generating load, as with this combination 
the plant can be run economically at practically any load. A very 
small set generally driven by gas or oil is sometimes provided of 
perhaps ү; the capacity of a main set for use to provide occasional 
trivial loads, such as a small night-lighting demand, which would be 
serious had it to be met by the main engine. It is not advisable to 
make the small set of a larger capacity if the outside supply is the 
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stand-by, as should the load by any chance assume decent proportions 
one could come on the mains for it until a satisfactory load for one 
main engine was reached. 

Voliage and Current.—In the author's opinion the 3-phase alter- 
nating current should always be adopted, unless there are very strong 
reasons against it. For all heavy work, such as one may describe as 
a “steady grind,” the induction motor with short-circuited rotor appears 
to be by far the best suited. It becomes advisable, if electrical 
is to be substituted for mechanical transmission of power to large 
single machines requiring a large input, to raise the voltage very con- 
siderably—say to two or three thousand—in order to kcep down the cost 
of the cables required. This cannot be done conveniently with con- 
tinuous current, but it is a simple matter with alternating current, and 
it seems to the author that high-pressure current with proper protection 
will in the future be distributed about works of certain kinds much 
more freely than has been the case up to the present. 

For certain industries, such as mining and textile manufactures, 
3-phase current is becoming standardised for well-known reasons ; 
and on the other hand, in works such as engineering shops with many 
machine tools requiring individual variable-speed drive and where 
much work is done by overhead cranes, continuous current is adopted 
with equal unanimity. 

Where there is no reason for choosing definitely either continuous 
current or alternating current, the author expects to see dual generation 
—high-tension alternating current and low-tension continuous current 
—in the large works which are likely to be electrified in the years before 
us. 'There is no reason to contemplate parallel and consequently 
wasteful distributing power lines under these circumstances, as the 
sections of a large works requiring one or the other species of current are 
usually quite distinct and can be fed accordingly. It would certainly 
mean a separate distribution for lighting purposes in those portions of 
the works using alternating current, but this would not amount to a 
large proportion of the whole and would not be wholly a disadvantage ; 
moreover there would always be the possibility of inserting a trans- 
former if the lighting load in any section were sufficient to warrant it. 

Where, however, continuous current is adopted, a valuable aid enters 
the field in the shape of a battery, and a secondary battery of quite 
small proportions may prove very valuable in such works as engineering 
shops where the load factor is not particularly good ; and without 
having any figures to offer on the point the author is of opinion that 
a moderate sized battery would certainly compensate in improved 
running cost for its prudent purchase in all works where theload factor 
is poor. 

Country House Plants, etc.—As there is a constantly open field for the 
installation of small electric light plants in country houses, institutions, 
etc., a table of running costs under average conditions of country house 
plants may be of interest. Such costs are given in Table IX., relating 
in each case to oil engine plants. | 
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In conclusion, I beg to express my very sincere thanks to Messrs. 
Swinburne, O'Gorman, Baillie, and Dobree, for their kindness in giving 
= me the figures relating to Letchworth power station; to Messrs. 
Handcock and Dykes, for those relating to Diesel plants ; to Mr. James 
Miller, of Rugby, for the costs concerning a colliery plant ; and to 
Messrs. Tyler and Freeman, of Blackfriars, for permission to reproduce 
some of the information contained in the paper. 
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THE THEORY AND DESIGN OF CURRENT 
TRANSFORMERS. 


By ARTHUR P. YOUNG, Student. 


(Abstract of Paper read before the Students’ Section in London, 
April 13, 1910.) 


The object of the present paper is to present in a concise form the 
complete theory of the current transformer, showing how the two 
essential characteristics—viz., current ratio and phase displacement 
between primary and secondary currents—are affected by the factors 
entering into the design, and also by the variable factors likely to be 
met with in practice, such as frequency and secondary load. I have 
constructed a number of curves which are quite general in their 
application in the case of transformers built up with cores of “ Stalloy” 
punchings, and in each case the range of the induction in the core is 
assumed to be from o to Bmax. = 1,400 lines per square centimetre. It 
will be perceived that this range is very low, but for a good design the 
flux density in the core at full load should not exceed this figure, and 
there is no doubt that there are numbers of current transformers on 
the market in which the maximum value of the flux density in the core 
at full load is even less than 1,000 lines per square centimetre. I have 
chosen “ Stalloy" iron as a basis for my calculations because it is the 
ideal iron to use for current transformers, possessing as it does a small 
core loss and high permeability at very low inductions. I am aware 
that there are other high-resistance “alloy” irons on the market, but 
know of at least one large firm making current transformers who have 
adopted this brand of iron, and believe that most other makers have 
done the same. 

The Function of the Current Transformer.—When we have to measure 
an alternating current greater than, say, тоо amperes, it not only 
becomes difficult to construct an instrument to carry the whole of this 
current, but further, in the case of a wattmeter, serious errors will 
arise, due to the eddy currents set up in the conductors shifting the 
phase of the current flux so that on inductive loads the tendency will 
be for the wattmeter to read low. This effect, of course, could be 
overcome to some extent by employing laminated conductors, but even 
then, for currents above 300 or 400 amperes, the practical problem of 
building such instruments would be much more difficult than in the 
case where a small current winding is employed. Further, in the case 
of high-tension currents, it is impracticable tó connect the instrument 
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direct on the high-tension circuit, because not only would the question 
of insulation present difficulties, but it would also become impossible 
for any one to make any tests or adjustments on the instrument when 
it was “live,” which has to be done frequently in actual practice. For 
these reasons it becomes necessary to use current transformers in cases 
where we have to measure a current greater than from 100 to 200 amperes 
—depending on what type of instrument is employed—and in all cases 
of high-tension currents irrespective of the amperage. Not only does 
the field of usefulness of the current transformer apply to all classes of 
indicating, integrating, and recording instruments, but it also extends 
to the case of relay and trip coils, these invariably being energised in 
this way, the usual practice being to operate the necessary instrument 
and relay coils from the secondary of one transformer, which procedure 
is perfectly satisfactory provided the transformer is designed to give 
accurate results when so loaded. It is therefore apparent that the 
current transformer has three functions :— 


I. To give a secondary current which bears a known and constant 
ratio to the primary current. 

2. To give a secondary current which is exactly opposite in phase 
to the primary current. 

3. To provide effective insulation between the primary and 
secondary windings. 


Functions 1 and 2 are, of course, ideal, because, as will be shown 
later, the ratio of primary to secondary current is dependent to a slight 
extent on the value of the primary current, and it is—speaking generally 
—impossible to obtain exactly 180? phase displacement between primary 
and secondary currents, the discrepancy, although slight, being also 
dependent on the value of the primary current. 

It is thus seen that the use of a current transformer on an alternating- 
current circuit is analogous to some extent to the use of a “shunt” on a 
direct-current circuit, only in the latter case there is no question of 
insulation or phase displacement, and the current ratio, simply being 
dependent on the resistances of the two branches, is a constant quantity 
and independent of thé current through the shunt, provided these 
resistances do not change. 

The Complete Mathematical Theory.—If we take an iron core wound 
with two coils and pass an alternating current of known value through 
one of them (primary), we shall find that on short-circuiting the other 
winding (secondary), through an ammeter, the instrument will indicate 
a current, the ratio of which to the primary current equals the ratio 
of the primary turns to the secondary turns very approximately. That 
is, if we assume that — 


Primary current = C, 
Primary turns = $, 
Secondary current = С,, 
Secondary turns = S,, 


672 A. P. YOUNG: THE THEORY AND DESIGN [April 13th, 


then we have approximately— 


С) 


Сш 
C, S, 
or— 


С, S, = С, S, 


The above relationship represents the ideal case, in which we 
have the primary ampere-turns equal to the secondary ampere- 
turns, and this could only happen if there was no magnetic leakage 
between the two windings, and further, no current was required to 
overcome the losses in, and magnetise, the iron core. If such were the 


OX = C, (R ^R; Ap P d 
Хе,= L pC: P 0 4 


KGS, €z Current lagging 


FiG. I. 


case, it is easy to see that the current ratio would be constant and equal to 
S. 
S, 
current would be in direct opposition in phase to the primary current. 
That is, we should havea perfect current transformer fulfilling conditions 
I and 2 enumerated above. 

Unfortunately such a result cannot be realised in practice, because 
a component part of the primary current has to compensate for the 
core loss and magnetising currents, and it is difficult to avoid slight 
magnetic leakage between the two windings. For the purpose of our 
investigation we will assume, however, that there is no magnetic 
leakage between the two windings, which assumption is, to all practical 
purposes, quite correct in cases where the core is built up of ring 
punchings and the two windings uniformly distributed over the whole 
surface, one being wound on the top of the other. 

Taking the general case in which the load on the secondary circuit 


for all values of the primary current C,, and further, the secondary 
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is inductive, the condition of affairs is represented vectorially in Fig. т. 
We assume that— | 


i, Sı = Magnetising ampere-turns in phase with the resultant 
flux N. | | 
i. S, = Core loss ampere-turns leading in phase by 9o? the 
magnetising ampere-turns i, S, 
C, S, = Resultant of iy, S, and 1. S, 
w == Phase displacement between C,S, and i,, S,. 
e, = Induced voltage in primary due to flux N. 
R, = Resistance of primary. 
Vp= Voltage across primary. Resultant of e, and C, R.. 

e, = Induced voltage in secondary due to flux N. This is 
equal and opposite in phase to е,. 

R, = Resistance of secondary. | 

R = Resistance of secondary load. 

L = Inductance of secondary load. 

C, (К + R) = Ohmic drop in secondary. 
f = Frequency (f —27 f). 5 
L pC, = Reactance drop in secondary. This is at right angles 

to C, (R + Rj), and the resultant of these two vectors 
15 ez. 

90 — Phase displacement between C, and e,. 

ф = Effective phase displacement between C, and Ca That 
is, with reference to the primary, the secondary 
current is equivalent to a current equal to С„ and 
leading the primary current C, by a small angle ¢. 

K — Theoretical ratio — =, 

The vector КС, S, is obviously equal to C, S,, and is thercfore equal 
to the secondary ampere-turns, It is thus seen that the ampere-turns 


Current 


lagging 


FIG. 2. 


C, S, required to magnetise and overcome the losses in the iron core 
are the resultant of the primary and secondary ampere-turns. We can 


therefore readily deduce an expression for the current ratio = 
? 
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Referring to Fig. 2, the vectorial relationship between the primary 
and secondary currents is represented more clearly. We have then— 


C = C7 + K?C,?—2KC,C, cos ф, 
also— | 
C; —C,—K*C;—2KO,C,sin (0 + в). 


Subtracting we get— 


2 K? C} == 2 KC, [С, cos ¢ — C, sin (0 + w)], 
and thus— 
KC, = С, cos ¢ — C,sin (0 + w). 


Dividing through by C,— 


С) 


2 


К = = совр sin (0 + в), 


С 


апа calling— 
c = K, = current ratio, 


then— e 
K Durs 
K, = 050 — с sin (8 + w), 
or— 
K= — p 6 (1) 
cos ¢ — с sin (0 + w) 


This is a fundamental equation giving us the current ratio for any 
value of the primary current, provided we know C,, ф, 0, and w. We 
can greatly simplify. this equation by putting cos ¢ = 1, because in a 
well-designed transformer ¢ will not exceed 2? at one-twentieth of full 
load, and will be considerably less at the higher loads. The error 
introduced by this assumption will therefore not be greater than 
o'o6 per cent., which is negligible. 

We therefore get— 

K 
Кас 
I— С, sin (0 + w) 

Putting 0 + о = 8, we can re-write this equation in the following 
form :— ae 
КА = C, $, — C, S, sin B Кошу» Mere UE UR (2) 
This gives the current ratio in terms of the primary ampere-turns, and 
the component part of the resultant core loss and magnetising ampere- 
turns in phase with the secondary current—that is, C, S, sin 8. 

We can also readily calculate ». Referring again to Fig. 2, we see 
that— 

C,cos8  C.S, 


TS 


. COS 3, 
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As ф is so very small, we can put— 
$ — sin ¢ radians. 


_ CoS, 
= 026 


соѕ В гайіапѕ . . . . . . . (3) 


This is a fundamental equation giving the effective phase displace- 
ment $ in terms of the primary ampere-turns, and the component of 
C., S, at right angles to the secondary current—that is, C, S, cos В. 

It is therefore apparent that before we can calculate either the 
current ratio or phase displacement corresponding to any given value 
of the primary ampere-turns, we must first of all know the values of 
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C, S, and 8 corresponding to the particular value of the primary current, 
or what arnounts to the same thing, to the particular value of the induc- 
tion in the core. We must therefore turn our attention to the core loss 
and permeability curves for the particular brand of iron we are using, 
corresponding to the limits of induction between which we are 
working. 

Choosing * Stalloy " iron for reasons previously given, Fig. 3 shows 
the B-H curve for a range of B from o to 1,400 lines per square centi- 
metre. For comparison the curve for * Lohys" iron is added, and the 
advantage of employing “ ЅіаПоу” iron at these low inductions is 
apparent. These test curves, as well as the core loss curves, were 
kindly sent to me by the suppliers of these brands of iron—Messrs. 
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Joseph Sankey & Sons, Ltd., Bilston. On investigation I find that 
approximate laws can be deduced for each curve, these being of the 
form H =k B”. As a further approximation we can assume that the 
law changes at a value of B = 150 in each case, the constants k and n 
being different for the higher values of B between 150 and 1,400. 
For *Stalloy" iron the laws come out as follows :— 


B's o-150 ve ies H-oorg4 Bo? . . . . (4) 
B's 150-1,400 ... i Hss0097B"* i. i x x (5) 


Types of Current Transformers.—Fig 4 shows the type C, form 
G, current transformer manufactured by the British Thomson 


\\ 
Hifi || 
ШР 0! 


FIG. 4. 


Houston Company, Ltd., of Rugby. It is made in capacities ир lo 500 
amperes, and for voltages up to 7,000 volts to earth. Two sizes are 
manufactured, one size suitable for operating a single meter and a 
larger size having greater number of primary ampere-turns suitable 
for operating an ammeter, wattmeter, and heavy trip coil in series. As 
can be seen, the core is built up and former-made coils used. 

The punchings overlap for a considerable distance so that the 
reluctance is small and the magnetising current thereby kept low. 

The type C, form K, manufactured by the same firm, is of the bus- 
bar type, and is made in sizes up to 6,000 amperes, suitable for voltages 
varying up to 6,000 volts to earth. It is of particularly neat design, the 
primary consisting simply of a straight copper bar which passes 
through the centre of a core built up of ring-shaped punchings. The 
magnetic leakage in this type is therefore negligible. 
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All types of current transformers manufactured by this firm are 
tested for insulation at three times the maximum voltage for which they 
are designed to operate. ‘“Stalloy” iron is employed throughout, the 
ratio characteristics for all types being nearly straight, and the phase 
error is also kept well within 0°5°, even down to very small loads. 

Messrs. Everett Edgecumbe, Ltd., manufacture four models, the 
primary ampere-turns at full load varying from зоо in model I. to 
1,600 in model IV. Model I. is designed for working a single ammeter 
or relay in cases where the instrument and transformer can be cali- 
brated together: Model IV. is intended for use where extreme accuracy 
is required. The ratio is constant to within } per cent. down to 7, of 


E. Clamp 


Secondary Ё ۰ iV 


winding [ri 


В. Secondary 
coil 


B Punchings 
Type Mtr6 Type Jesll 
FiG. 5. 


full load, or even less. The phase displacement is also kept very 
small, being about o'5? at comparatively low loads. Their standard 
practice is to employ air insulated transformers up to 5,000 or 6,000 
volts, and above that either oil or compound insulated transformers in 
cast-iron cases. 

Siemens Bros. & Co., Ltd., manufacture a very large line of 
current transformers.* Two of their large current busbar types are 
shown in Fig. 5. The types Mtr6 has the core D made in two pieces 
which butt together, the two sections being held together by two 
screws. By removing one part of the core the transformer can be 


* “Current Transformers for Measuring Instruments," Electrical Review, April 16, 
1909. “Transformers for Use with Instruments,” Electrician, March 12, 1909. 
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readily slipped on to the busbar A, which is gripped by the clamp C. 
The full load secondary current for this type is т ampere. 

The type JesII, also shown in the figure, is suitable for currents 
varying from 250 to 6,000 amperes, The core is built up of rectangular- 
shaped punchings and carries а secondary coil on each limb, the two 
coils being coupled in series. The clamps E can be supplied in various 
shapes suitable for taking busbars of various sizes and sections. This 
type is designed to give 5 amperes in secondary at full load. 

Current transformers manufactured by this firm up to 30,000 volts 
are tested at twice the working pressure, using approximately a sine 
wave. The ratio of each type is adjusted accurately to at least 1 
per cent., and it is claimed that combined calibration of the trans- 
formers with instruments is generally not necessary. 
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COLLECTION OF CURRENT AT HIGH PERI- 
PHERAL SPEEDS. 


By P. J. CoTTLE, B.Eng., and J. A. RUTHERFORD, B.Eng., 
Students. 


(Abstract of Paper read before the Students’ Section in London, Fanuary 
19, 1910.) 


Objects оў Paper.—Very few results have been published on the 
behaviour of brushes collecting current at high peripheral speeds. То 
attempt to remedy this deficiency, experiments have been carried out 
on several distinct types of brush used in ordinary practice. The chief 
aim has been to obtain some idea of the relations governing :— 


I. Voltage drop at contact, for both positive and negative brushes 
with varying current density in the brush. 

2. Frictional losses. 

3. Brush temperatures. 


Apparatus Used.—The tests were performed on aspecially balanced 
high carbon steel disc, 11 in. in diameter and 14 in. wide, shrunk on a 
shaft belt-driven by a 5-H.P. direct-current motor with a large speed 
regulation. 

Both brushes were fixed at opposite ends of a diameter of the disc, 
and were arranged in box-type holders running on ball bearings in 
order to prevent errors due to friction in the measurement of brush 
pressure. 

Pressure was applied to the brushes by means of levers connected 
together by spring balances, the tension of which could be varied 
at will. 

Method of Conducting Experiments.—The rim was run up to the 
desired speed with the brush pressure set, and then the required current 
was passed between the brushes. Readings were taken when the tem- 
perature of the brushes, as indicated by the galvanometer, was constant. 
The time taken to attain a constant temperature varied, being about 
20 minutes for an increase in current of 10 amperes, i.e, an increase. in 
current density of 40 amperes per square inch. 

Experiments were conducted :— 


I. By keeping speed and pressure constant and varying the cur- 
rent density ; reading positive and negative drops and tem. 
peratures. 

2. Repeating similar observations for various values of pressure. 

3. Varying the speed and going through the above process again. 
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On the completion of the steel test, the disc was coated with copper 
electrolytically, and tests were carried out with one type of brush on 
this surface. When, however, a peripheral speed of a little above 
6,000 ft. per minute was reached, the copper commenced to strip off. 

At high speeds and small pressures trouble was experienced with 
the vibration necessarily associated with these speeds, and below a 
certain pressure the readings taken were useless, on account of the 
fluctuation due to the varying air-gap length between brush and rim. 

Types of Brush Tested.—All brushes used were } in. by 4 in. by 1 in. 
long. They may be classified under four headings :— | 


Type A.—A cheap carbon brush, hard and brittle. 

»  B.—A metallic brush, composed chiefly of copper, with ad- 
mixture of graphite ; very hard and of low specific 
resistance. 

» C.—A soft high quality brush, composed chiefly of graphite 
mixed with a trace of copper. 

» D.—A high quality pure carbon brush, moderately soft. 


The table opposite gives the average values of the voltage drop 
one may expect at the contact of brush and steel surface under various 
conditions. 


2, 
Ф Pe 
0 
T 0 
Ds 
E Temp: 
X rise. А 


0- Current densiby 
FiG. I. 


Economical Pressure and Current Density to Use at Turbo Speeds.— 
From the tests it appears that brush C is the only one which gave at 
all workable results above a speed of 6,000 ft. per minute. It was 
noticed that at higher current densities the electrical losses are quite 
comparable with the friction losses, and hence it may be more economi- 
cal to run with a pressure considerably above that necessary to ensure 
sparkless running in order to decrease the electricalloss. But increase 
of pressure with this type of brush, as has been noted before, means a 
large increase in temperature, which effect must not be lost sight of. 
A rough method of obtaining the most economical values of pressure 


Pressure 


O 
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and current density at any given speed, consistent with a specified 
temperature rise, isas follows :— 

Assume a given speed л and a given temperature rise і. From the 
table of results plot temperature rise against current density for a series 


v) 

qd) 

2 

`8 

je 2 
205 
24 

Current density Current density 
FIG. 2. FIG. 3. 


of pressures (see Fig. 1). Draw a constant temperature line for rise to. 
From this curve plot the values of pressure and current density for the 
given temperature rise (see Fig. 2). 


Tobal loss 


Current densiby 
FIG. 4. 


Now plot total loss against current density for various pressures, 
this giving Fig. 3. From this, for each value of current density take 
the value of pressure from Fig. 2, trace on Fig. 3, finding total loss for 


that value of pressure and current density. 


Now plot this loss against current density and take the minimum 


point on this curve, this gives the most economical value of current 
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density, and tracing back to Fig. 2 we get the most economical 
pressure to use. 

This method has been adopted for the following results, a very low 
temperature rise of 25? C. having been taken owing to the large 
radiating surface and heat capacity of the apparatus :— 


Surface Steel throughout. 


Current 
з Pressure Density in 
poesi үз аш in lbs. per Amperes Total I 
р у Square Inch. | per Square Electric Friction A 
Inch. s Loss per Dee 
? ° Collected. 
Watts. Watts. Watts. 
1,850 II'S 210 109 80 3°60 
4,000 12'0 140 67 34 2'90 
6,000 7'О 130 74 100 5°53 
12,000 12'0 100 250 300 22°00 
17,000 II'O 80 200 220 21'00 


For types B and D the following results have been deduced :— 


Speed in Feet per Pressure in Ibs. per Current Density in 


Minute. Square Inch. Amperes per Sq. Inch. 
TypeB  .. 1,850 6 160 
6,000 I2 160 
10,000 20 — 
TypeD  .. 1,850 12 200 
4,000 12 160 
6,000 I2 I20 


Advantages of Employing a High-current Density.— 


I. Economy of first cost, both in brushes and running gear. 
2. Better running owing to smaller number of brushes and so 
smaller length of collector surface. 


The choice of pressure at high-current densities is influenced,con- 
siderably by the tendency to spark, and also by the amount of wear of 
brushes and cost of replacement. This depends absolutely on condi- 
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tions of running, and, of course, no figures can be given, personal 
judgment having to be relied on. 

Difference between (+) and (—) Drops.—In general, it шау be said 
that the drop at the negative brush is higher than the drop at the 
positive brush. 

'This might be due to several causes :— 


I. Thermoelectric effects. 
2. Formation of compounds at surfaces of contact. 


I. Unless very high temperatures obtain at the points of contact 
of brush and rim this first effect cannot have very much to do with the 
phenomenon. If the current is transferred from brush to rim through 
very minute arcs, not ordinarily visible, the voltage due to thermo- 
electric effects may rise to 100 millivolts, so giving a difference of 
o'2 volt between the two drops. 

Of course, if these local high temperatures do not occur, thermo- 
electric effects are negligibly small. 

2. When current flows from carbon to steel there is a possibility 
that at a high temperature a carbide of iron might be formed on the 
steel surface, which would increase the contact resistance. This 
increase in resistance would be exceedingly small. Standing tests on 
brushes A and C indicate that speed has very little, if any, effect on the 
difference in drops. It only seemed to affect the total drop. 

Experiments were tried with a pure copper brush on a copper 
surface, and in this case the drops were the same to within 1 millivolt, 
i.€., between 5 and ro per cent. difference. 

From the above the authors are of opinion that the ИЯ of 
electricity takes place through very minute gaseous zones which must 
exist between the two contact surfaces, the high temperatures of 
the arc being necessarily associated with this, thus giving rise to 
thermoelectric effects sufficient to cause the difference between the 
two drops. 
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THE HIGH-TENSION SPARK DISCHARGE IN AIR. 


By PHILIP KEMP, M.Sc. Tech., and WILLIAM ARTHUR 
STEPHENS, M.Sc. Tech., Students. 


(Abstract of Paper read before the Students’ Section at Manchester, 
Fanuary 18, 1910). 


The apparatus used in the tests made by the authors consisted of 
a 3-phase 15-k.w. 250-volt 4-pole alternator, driven by а 4oo-volt 
motor. This machine was chosen on account of its excellent wave 
form, which gives an amplitude factor, i.e. Vmax./Vr.m.s., Of r44. In 
studying the effect of wave-form, and for other purposes, a second . 
alternator was arranged so that it could be alternatively connected up. 
This machine was a 3-phase 40-k.w. 250-volt 6-pole alternator, and was 
belt driven from a 220-volt 60-H.P. motor. This alternator had an 
amplitude factor of 1:60. 

Al the experiments conducted in connection with this paper were 
carried out with a frequency of 5o, except where it is specially noted 
otherwise. 

The supply from the alternator was brought to a Stillwell regulating 
transformer with a ratio of 2:1, the secondary of which was divided 
into 20 equal sections. Tappings were taken from tas regulator 
secondary to the main transformer. 

The main transformer was a 25-k.w. single-phase Westinghouse oil- 
cooled transformer with a ratio of 204 :1. With this transformer it 
was possible to obtain pressures up to 120,000 volts. The secondary 
was divided into four coils which could be connected at will in series, 
series parallel, or parallel, giving ratios of 204:1, 102:1, and 51:1. A 
connection was also brought out from the middle point of the 
secondary for purposes of earthing when required. 

The voltage was measured on the primary side of the main trans- 
former by means of an Addenbrooke testing set, the voltmeter of which 
was of: the electrostatic type. In connection with this set, multipliers 
of from one to five could be obtained by means of a resistance box. 

The voltage recorded is the maximum voltage reached just before 
the spark passes, and consequently the transformer was then taking 
little more than its no-load current, for which condition the ratio of 
transformation was found to be 204:1. The readings were further 
checked from time to time by placing: across the secondary a Kelvin 
electrostatic voltmeter reading to 100,000 volts. This voltmeter was 

VoL. 46. 45 
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calibrated on the lower part of its scale by placing the Addenbrooke 
set across the secondary side of the transformer, in parallel with the 
Kelvin electrostatic voltmeter. 

The authors concluded, as the result of these tests, that it was 
perfectly justifiable to measure the voltage in the manner stated above. 


FACTORS AFFECTING DISCHARGE. 


The sparking potential for a given sparking distance in air is in- 
fluenced by the following factors :— 


. The shape of the electrodes. 

. The local conditions of the circuit. 

. The wave-form of the E.M.F. used. 

. The frequency of the E.M.F. used. 

. The rate of growth and steadiness of the E.M.F. 
. The physical condition of the air, viz. :— 


Qtr & WN m 


(a) Pressure. 

(6) Temperature. 
(c) Humidity. 
(d) Light. 


The Shape of the Electrodes.—The shape of the electrodes plays 
a most important part in the determination of the sparking voltage for 
a given distance. The presence of sharp edges or anything in the 
nature of points reduces the sparking voltage enormously, so that on 
this account it is highly necessary to offer a good well-polished surface 
to the passage of the spark, as otherwise the readings obtained would be 
too low. For the purpose of obtaining such a surface the authors have 
found it advisable to amalgamate the surfaces of the electrodes before 
use, and subsequently to wipe them over from time to time witha 
cloth moistened with mercurous nitrate. 

The shape of the electrodes largely determines the distribution of 
the electrostatic field, and the more intense this field becomes the 
lower is the potential which will cause a spark to pass. With pointed 
electrodes the field is much more intense in the neighbourhood of the 
points than would be the case with rounded electrodes, and thus it is 
found that the former give lower values for the sparking voltage than 
the latter would give for the same sparking distance. 

The accompanying curves (see Fig. 1) illustrate very well the effect 
of shape of. electrode on the sparking voltage for various air-gaps. 


Curve I.—Electrodes—Needle Points. 
» lL.—Electrodes—Spheres 3:81 cm. diameter. 
» III.—Electrodes— Parallel plates with rounded edges. 
„ IV.—Electrodes—Cylinders 1:9 cm. diameter with their axes 
at right angles. 
» W.—Electrodes—Spheres 7:62 cm. diameter. 
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As is to be expected, the curve for needle-point electrodes is the 
lowest, owing to the intense field, and consequent intensification of 
ionisation around the points. 

In the curve for parallel plates a curious “kink” is observed. As 
will be seen later, * kinks" of a similar nature will be found in con- 
nection with various other types of electrodes, and will be fully dealt 
with in another portion of the paper. 

The curve for parallel plates gives lower values for sparking voltage 
than the curve for 7:62 cm. diameter spheres, which would appear 
somewhat peculiar, in view of the facts that the sparking voltage for a 
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given gap increases as the diameter of the spherical electrodes in- 
creases, and that parallel plates may be regarded as spheres of infinite 
diameter. This reduction is attributed to the sharp curvature at the 
edges of the discs, in the neighbourhood of which the spark always 
passed. In general it will be found that when a spark passes from an 
electrode which has different radii of curvature at different portions 
of its surface, the spark always passes in the neighbourhood of the. 
sharp curvature owing to the comparative intensity of the electrostatic 
field at this point. It is on this account that it is so difficult to obtain 
reliable readings with parallel plates since the spark passes at the edges ` 
where the field is not that due to a pair of parallel plates, but is distorted . 
by their edges. | 
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As a result we may roughly divide electrodes into three classes :— 


I. Flat electrodes with rounded edges, and electrodes in the 
shape of spheres or portions of spheres. 

`2. Flat electrodes with sharp ES and other sharp-edged elec- 
trodes. | 

3. Pointed electrodes. 


The Local Conditions of the Circuit.—For the purpose of staying 
the effect of the local conditions of the circuit a series of three experi- 
ments was performed, using a pair of 2'2 cm. diameter spheres as 
electrodes. The first test was performed with the spark-gap con- 
nected directly to the transformer secondary terminals, nothing else 
being connected thereto. The second test was performed with an 
auxiliary gap consisting of two 7°62 cm. diameter spheres at a 
distance of ro cm. apart connected in parallel with the main spark-gap. 
A third test was conducted with two large choking coils connected one 
in each lead from the transformer secondary, in series with the main 
spark-gap, the whole system remaining balanced with respect to earth, 
the middle point of the transformer secondary being earthed. It was 
found that the effect of alteration of the local conditions of the circuit 
was to vary the position of the “kink” and the portion of the curve 
immediately following it. The effect of putting extra capacity in the 
circuit is to bring the “kink” down the curve and also to accentuate 
its magnitude. The inductance also has the effect of displacing the 
“kink” in the same direction and of slightly increasing its magnitude, 

The Rate of Growth and Steadiness of the E.M.F. used.—The 
voltage required to spark across a particular air-gap is con- 
siderably smaller when the rate of growth of the voltage is great, 
than is the case when the voltage is applied gradually. For instance, 
when the voltage is applied suddenly by the closing of the main 
switch, the breakdown voltage is much smaller than when the voltage 
is slowly increased till breakdown occurs. It is exceedingly difficult 
to obtain consistent results for breakdown voltages with different rates 
of growth. For this reason all breakdown voltages should be measured 
in such a way that the voltage is applied so slowly as to produce no 
appreciable reduction of the breakdown voltage. Even if the voltage 
is steady, the length of time during which it is applied will affect the 
breakdown, which may occur when a high voltage is applied gradually 
or when a slightly lower voltage isapplied continuously. Theoretically. 
it should be possible to obtain a curve showing the relation between: 
the breakdown voltage and the duration of its application. Unfortu- 
nately, however, we were unable to obtain consistent results for air, 
although we have been successful in obtaining time curves with solid 
dielectrics. 

Another fact {о be considered is that a sudden variation of the 
applied voltage (apart from the cyclical variation) may cause a discharge 
to take place at a lower value than would be the case with a perfectly 
steady voltage. 
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Physical Condition of the Air.—(a) Pressure: As the pressure of 
the air is diminished, the sparking voltage for a constant air-gap 
is also diminished, until a certain minimum value is reached. This 
value of the pressure of the air is known as the “critical pres- 
sure," and is approximately inversely proportional to the spark-length, 
whilst the minimum voltage is independent. of the spark-length. 
On further decreasing the pressure of the air below the critical 
pressure, the voltage required to produce a spark across a given 
gap increases very rapidly, so that it is probable that it would be 
absolutely impossible to spark across a gap іп a perfect vacuum. This 
at once follows from the ionisation theory, the absence of gaseous ions 
in a perfect vacuum accounting for the impossibility of a discharge 
taking place. 

The effect of increasing the pressure of the gas is to increase its 
dielectric strength, it having been often stated that the latter is directly 
proportional to the former. It has recently been shown, however, by 
Mr. E. A. Watson * that this is only approximately true, and that such 
a statement only applies when the radius of curvature of the electrodes 
is indefinitely large. 

(b) Temperature. — In accordance with the law enunciated by 
Paschen, the sparking voltage is directly proportional to the mass of 
gas between unit area of the electrodes. Now if the pressure is 
constant the mass in a given volume is inversely proportional to the 
absolute temperature; therefore for a given spark-length and fixed 
electrodes the sparking voltage would appear to be inversely propor- 
tional to the absolute temperature. This is in agreement with the 
ionic theory, since an increase of temperature means an increase of 
the mean free path of the ions, and hence a decrease of the sparking 
voltage. 

From the above considerations it will be seen that any variation 
likely to take place during our experiments will not cause a greater 
error than 2 per cent., and hence can be neglected as being within the 
range of error in the observations. 

(с) Humidity.—Throughout the range of our experiments with 
ordinary atmospheric conditions, the variation in the humidity is not 
sufficient to cause any appreciable variation in the sparking voltage at 
small distances, and therefore Dr. Russell's Rmax. is almost independent 
of any ordinary humidity, an increase of which, however, must tend 
towards a reduction in the sparking voltage. We have repeatedly 
observed that a variation in humidity affects the “ kink,” at least in 
magnitude ; in fact, the effect is so marked that at high humidities it 
is exceedingly difficult to obtain a “kink” at all, the points lying on a 
smooth curve above the depression. 

(d) Light.—At atmospheric pressure the light has little appreciable 
effect on.the sparking voltage, but its effect may be observed by using 
rarefied gas. It has been shown by Warburg 1 that a greater voltage is 


ournal of the Institution of Electrical Engineers, vol. 43, р. 113, 1909. 
| itz, Akad. der Wissenschaften, Berlin, xii.; p. 223, 1896. 
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necessary to cause a breakdown in the light from an electric arc than 
in ordinary daylight. He has also shown that the chief effect of ultra- 
violet light is to diminish the “ time lag,” i.e., the time interval between 
the application of the voltage and the passage of the spark, and that the 
effect on the sparking voltage is comparatively small. 

Forms of Discharge: (a) Corona.—When a difference of potential is 
applied between two electrodes, luminous effects are sometimes pro- 
duced. These luminous effects are known as corona, and we shall 
separate them into two divisions : (1) glow discharge which occurs at 
comparatively low voltage, and (2) brush discharge which occurs at a 
later stage and continues until breakdown occurs. In order to illustrate 
the above statements the following description of an experiment is 
appended. ‘Two metal discs were placed, one on either side, about the 
centre of asheet of plate glass about 20in. square and 1 in. thick, and a 
gradually increasing potential difference was applied to them. The first 
noticeable effect wasa faint hissing noise at about 4,500 volts. "This was 
probably the commencement of the glow discharge which, as yet, was 
invisible. When 5,000 volts was reached the glow became just visible, 
and at 7,500 volts the noise suddenly changed in character, crackling 
commencing. This is probably due to a brush discharge inside the 
corona. The corona did not completely surround the electrode until 
13,000 volts was reached ; a fact which is probably due to the decen- 
tralisation of the electrodes оп ће glass. At 18,000 volts short streamers 
were seen to shoot out from the discs into the surrounding air. These 
streamers correspond to what is known as the brush discharge. As the 
voltage was gradually increased, the glow and streamers increased in 
size, the latter becoming irregular. Occasionally a white “ pilot" spark 
was seen to pass over the surface of the glass from one electrode to 
the other, and finally breakdown occurred at 67,500 volts. The glow 
discharge is usually of a light blue tint, whilst the streamers comprising 
the brush discharge are more of a bluish-violet colour. The pilot 
sparks are extremely vivid, so much so that attempts to photograph 
them frequently result in reversal. They are probably white or very 
pale blue, and are very actinic. When the breakdown occurs, the 
resulting arc is yellow, due to the particles of metal vapour which are 
torn from the electrodes. 

(b) Brush Discharge.—1lf two electrodes which are enveloped in 
coronz have the potential difference between them increased, the 
luminous appearance very often takes a characteristic form, which has 
been called the brush discharge. From the surfaces of the spheres 
appear short straight stems of considerable luminosity, which split 
up into numerous twig-like branches of inferior brilliancy and of a 
purplish-violet colour. These further subdivide into still smaller 
ramifications, which ultimately disappear in the air. This phenomenon 
is accompanied by a hissing sound altogether distinct from the short 
crack of the pilot spark. The pitch and character of this sound, which 
sometimes approaches that of a musical note, varies with the proximity 
of neighbouring conductors. It has also been found that the character 
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of the brush obtained varies with polarity, the negative brush keeping 
its form unchanged under considerable variation of influencing circum- 
stances, whereas the form of the positive brush is more readily affected. 
The pitch of the sound is lower in the case of the negative brush, but 
the positive is of greater extent and brilliancy. With alternating 
potential the appearance of the luminous effects at each electrode also 
alternate. 

(c) Spark.—At the ordinary atmospheric pressure the discharge 
between two spheres at a moderate distance apart takes the form of a 
brilliant, sharply defined streak of light. For small distances the spark 
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is more or less straight, and is thicker, or at least more brilliant, at the 
ends than in the middle. When the distance is considerably increased 
the spark assumes the characteristic zigzag form seen in forked light- 
ning. It is probable that the spark is split up into branches, as is the 
case with direct pressure, but this, of course, cannot be seen without 
a rotating mirror owing to the rapidity of the alternations. The 
colour of the spark in air is bluish, but at the same time its great 
brilliancy gives an impression of whiteness. The duration of this 
form of discharge is exceedingly short, but it has the effect of tearing 
metallic particles from the electrodes, and by means of these the arc is 
established and maintained, even though the potential difference may 
fall considerably. The colour of this arc will obviously depend upon 
the material of the electrodes and the intervening medium. 
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Dielectric Strength of Air.—The measurement of the dielectric strength 
ОЁ air has engaged the attention of electrical engineers for some time, 
various experimenters having done work in this direction. In the 
majority of cases direct pressures have been used, whereas practically all 
commercial high-tension work is done with alternating current. C. P. 
Steinmetz * used several sizes of spherical electrodes in his experiments, 
which were conducted with alternating pressures. Dr. Russell f has used 
the results of these experiments to calculate by means of his formula the 
dielectric strength of air. It is chiefly on these results, and on those of 
Heydweiller and Algermissen .with direct pressure, that he bases his 
value of 38 kilovolts per centimetre (approx.) for the dielectric strength 
of air under atmospheric conditions. It is noteworthy that the three 
experimenters above referred to have all used 2-in. or 5-cm. spheres 
in obtaining their results. Steinmetz, in addition, used smaller 
spheres, but from these results Dr. Russell obtained much higher 
values for his Rna—i.e., the dielectric strength of air. He neglected 
these results as he thought his formula might not apply to small 
spheres attached to cylindrical rods of appreciable size. 

The actual mean values obtained by the authors in conjunction with 
Mr. Lustgarten are given in the following table, and also shown 
graphically in Fig. 2 :— 


Diameter of Spherical Value of Rmax, in 

Electrodes in Centimetres. Kilovolts per Centimetre. 

09 з ona a Р 53:8 

1°25 se TN m з se 49'4 

г'90 m is € 2 $$ 44:6 

2'20 us E ju —À ous 43°3 

2°54 vos T (8 эз ve 41:8 

2:86 bes en or asi i 41°2 

3°81 wae - ee ba ids 39'0 

4°40 гй кзэ ass sat Ж 375 

5:08 б T jus з T 37'1 

7°62 КЕЯ gee a T jus 352 
Baille's results with parallel planes ... T 30°8 


It will be seen that the apparent values of Rmax. are much greater for 
the small spheres than for the large ones. 

It is remarkable that, within the authors’ knowledge, it has never 
been stated that these various values of Rmax. fall in a regular sequence 
as shown in Fig. 2. Not only so, but the values of Rmax, calculated from 
Baille's results, with parallel planes, afford striking confirmation of this 
fact, since the line representing this value is asymptotic to the curve. 
The crosses on the curve in Fig. 2 are obtained from the equation— 

: 375 
Rmax. = 308 + d o8; 
where d is the diameter of the spheres in centimetres. 


* Transactions, American Institution of Electrical Engineers, vol. 15, p. 28r. 
f Phil. Mag. (6), vol. 11, p. 247, 1906 
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The most striking feature of breakdown voltage curves (see Fig. 3) 
is the peculiar “kink” or sudden increase in the breakdown voltage 
for a slight increase in the sparking distance, at one particular 
point. This sudden rise, under favourable conditions, may amount 
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to as much as, or even more than, 50,000 volts. Omitting the down- 
ward bend and the subsequent sudden rise, it is possible to draw 
a smooth curve joining the lower and upper halves. At the point 
where this smooth curve and the actual one begin to diverge the first 
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índications of a glow were noticed. Further, when the sudden rise 
occurred, the noise due to the discharge was completely altered in 
character from a hissing to a crackling noise, a fact which points to the 
simultaneous appearance of a brush discharge. It would thus appear 
that the “kink” is due either to a change in the character of the 
discharge or to a change in the physical condition of the air. 

It has recently been suggested that the sudden rise occurs at the 
same time as the appearance of the glow, but, in our experience, 
this is not so, the glow certainly appearing long before this stage 
is reached. It will be noticed from the curves in Fig. 3 that the 
ratio V/x, where V is the sparking voltage at the bottom of the 
“kink” and х the corresponding sparking distance, is constant. It 
will also be found that x/a, where a is the radius of the sphere, is 
approximately constant. Thus in the formula— 


; ; 4, Voltage 
| electric field intensity — disanec ^ Í, 
f is constant though incalculable due to the presence of coronæ, and 


voltage _ 
distance ~ (ух) 


s also constant, and it therefore follows that the electric intensity 
is the same at the bottom of all the “kinks.” It will be found that 
this is fairly true for the tops as well. This again suggests that the 
“kink” is the effect of опе of the two causes previously mentioned. 
The largest * kinks" are obtained by using different-sized electrodes ; 
the greater the difference in size, the greater does the “kink” become. 
It is also a fact that the ideal conditions for a brush discharge 
are those in which a large and a small sphere are used as electrodes, 
and this would therefore appear to add additional evidence in favour 
of the above suggestions. Brush discharge, being the local break- 
down of air, will always occur at a definite electric intensity in that 
particular locality, and it may or may not relieve the strain on the 
other part of the gap. If it does not, then the spark will follow 
immediately on the brush discharge. If, on the other hand, it does 
relieve the remainder of the gap, the brush discharge will be formed 
and will continue. This means an absorption of energy to provide 
for the energy of the brush, and since the current is very small, 
may mean a considerable absorption of voltage. Below the “kink” 
brush discharge does not appear, and the discharge passes straight 
from the glow to the spark. Above the “kink” the conditions are such 
that brush discharge does appear, and consequently part of the 
applied voltage is absorbed in maintaining this brush. Hence the 
voltage required to break down the gap is increased by the voltage 
required to maintain the brush discharge. The above appears to 
form a very plausible explanation of the nature of the “kink.” 
Another theory which has been advanced states that the “kink” 
is due to resonance. In order to test this theory, it was thought 
advisable to determine what effect, if any, the frequency of supply 
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had upon the position of the “kink.” The condition for maximum 
resonanceis that— 

I 

тт 
and therefore— 


1 А 
n — T n LK 


Hence L being approximately constant, an increase of п means a 
decrease of K, ie, a greater distance apart of the electrodes, if 
maximum resonance is to occur. Now if the “kink” is due to reson- 
ance we may justly infer that it would occur under the conditions of 
maximum resonance, and an increase of frequency would move it 
up the voltage-distance curve. Asa matter of fact our experiments 
show that the movement is in the opposite direction. Most 
experiments on these lines have been conducted with large spheres 
and with comparatively low voltages, so that the “kink” has not 
been obtained. It will be further seen that, in all probability, no 
“kink” will be found with high frequencies. This can be explained 
on the hypothesis that it takes an appreciable time to establish the 
brush discharge, and that under these conditions the pressure is not 
maintained in the same direction for a sufficient length of time. 
Again, if the resonance theory is correct, then, since the induc- 
tance of the circuit is practically constant, we should expect that 
the “kink” would always appear when the gap had a given constant 
capacity. Now the capacity of the gap increases slightly faster than 
the radius of the spheres (a) increases, and decreases more slowly 
than the distance (x) between them increases. Thus if (a) and (х) 
are increased in the same ratio, the increase of capacity due to the 
increase of (a) is greater than the corresponding decrease due to 
the increase of (x), and the net result therefore is an increase in 
the capacity. From our results x/a at the “kink” is fairly constant 
and therefore an increase in (a) leads to a proportionate increase 
in (x), and from the above considerations, it is impossible that the 
capacities at the various “kinks” should all be equal. Thus the 
resonance theory does not appear to be tenable. It has been 
observed by other experimenters that variations in the reactance 
and resistance of the circuit affect the production: of the brush 
discharge. We have found that similar alterations also affect the 
position of the “kink.” As has been previously pointed out, the 
* kink" is sometimes absent when there is a very high humidity, and 
this fact may be explained on the ground that an abnormal amount of 
water vapour may cause the brush discharge to come on at a lower 
electric intensity and to appear gradually. | 
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LOCALISATION OF BREAKS IN SUBMARINE 
CABLES. 


By W. Н. YOUNG, B.Sc., Student. 


(Abstract of Paper read before the Students’ Section at Glasgow, on 
November 19, 1909.) 


Kinds of Breaks.—Breaks in submarine cables naturally divide them- 
selves into two distinct classes. The most common kind of break is 
that in which the copper end is exposed to the sea-water, or mud, 
making a more or less good "earth." ТПе distance away of such a 
break is got at by resistance measurements, The fracture may, how- 
ever, occur in such a manner that the easily stretched insulator is 
drawn over the end of the copper, insulating it more or less thoroughly, 
and producing what is called a “sealed” end in distinction to the 
“open” end of the first class of break. Sealed ends are located by 
measurements of capacity. 

The first part of this paper will deal with “open” ends, which are 
located by resistance measuring tests, generally with the Wheatstone 
bridge. The greatest part of the science and practice of cable repair 
consists of expert Wheatstone bridge manipulation. 

Sullivan Galvanometer.—The galvanometer used in conjunction with 
the bridge in most cable companies' services is Sullivan's Marine 
galvanometer, of which a detailed description will be found in Munro 
and Jamieson's * Pocket Book of Electrical Rules and Tables." 

Battery.—The batteries used are usually formed of agglomerate 
Leclanché, dry cells, or some similar not too expensive cell, of low 
internal resistance, steady E.M.F., and slight polarisation. A battery 
of тоо cells, arranged so that the number in use can be varied at will, 
is fairly usual. 

The procedure of measuring the resistance of a cable with its far 
end broken in sea-water differs from taking an ordinary Wheatstone 
bridge measurement, because the following points have to be con- 
sidered in the former case. 

The resistance consists of two parts: one the resistance up to the 
break—which is what is wanted, and the other the resistance of the 
end to earth. What is measured is the sum of these, and to make 
the result useful, the two parts must be separated. 
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. Theresistance of the cable up to the break is that of a length of 
copper wire, it therefore obeys Ohm's law in every respect. 

The resistance of the end to earth does not obey Ohm's law, being 
different with different strengths of current flowing through the 
exposed area of copper. It is also different with + and — currents. 

Earth Currents.—Earth currents аге in most cases fairly constant 
over short periods, but over longer periods they change considerably in 
strength, and even reverse. Occasionally a case occurs where the earth 
current changes violently and continuously. 

Fault Current.—Yhe end of a broken cable in sea-water acts as a 
small battery, the copper conductor forming one pole, the iron armour 
wires the second, and the sea-water the electrolyte. This will cause a 
feeble current, which blends with the earth current. 

Electrolytic Action of Cable End.—Whhen the testing battery is applied, 
an electrolytic action is set up at the exposed end owing to the passage 
of current from the copper through sea-water to the iron sheathing 
wires and earth. When the positive pole of the battery is applied at 
one end, a coating of cuprous chloride is deposited on the exposed 
copper, while hydrogen gas is given off at the iron wires ; but when 
the negative pole is applied the hydrogen is given off from the 
.copper, and an iron salt forms on the sheathing. Naturally the 
presence of these deposits and hydrogen have a considerable effect on 
the resistance of the exposed end, and the phenomena must therefore 
be carefully considered by;cable electricians. Moreover, these deposits 
on the electrodes which the end thus forms cause them to act like the © 
poles of a secondary battery, and to urge a current in the opposite 
direction to that of the testing battery. This secondary current appears 
and disappears from the circuit along with the cuprous chloride and 
hydrogen which give rise to it, and this fugitive current is one of the 
worst difficulties to contend with in many cabletests. These phenomena 
are generally called “ polarisation" in works on this subject. 

The cuprous chloride deposited on the conductor is soluble in water, 
but it may remain on the wire for a short time after it is formed. Its 
disappearance can be hastened by applying the negative current to 
line, when the hydrogen bubbles generated thereby quickly break up 
the film of the salt. | 

The effect of the deposit of cuprous chloride is considerably to 
increase the resistance of the end ; hence, generally a higher resistance 
is obtained with the positive pole of the battery to line than with the 
negative. This, however, is not invariably the case, as sometimes— 
say when the end is deep in thick mud and the hydrogen bubbles 
cannot readily escape—the resistance may be more with the negative 
current, 

Kennelly's Law.—The resistance offered by an end in sea-water 
depends also on the strength of current traversing a given exposed 
area, being less with а large current density than with a small one. This 
variation follows, with negative testing currents, a definite law, experi- : 
mentally established by Professor Kennelly, viz., that with a constant area 
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of exposure in sea-water the resistance of the end varies inversely as the 
square root of the traversing current. 

Gathering together our facts, it is seen that the resistance of an 
end depends on— 


(a) The area exposed. 
(b) The strength and direction of the current traversing that area. 
(c) The polarisation of the end. 


False Zero Experimént.—One cannot very well learn to take accurate 
tests to false zero merely by reading about it. Some idea of the pheno- 
mena may be derived by the following simple experiment :— 

Connect up a Wheatstone bridge in the usual way (Fig. 1), employing 
a battery of variable E.M.F., or if that is not available the E.M.F. can 


Key 


lil —— 


FIG. t. 


Milliampere meter.: 

Wire coil (bare). 

Insulated wire with exposed copper (C) at end. 
Bucket containing salt water. 

Coil resistance. 


کک ب ین 4 


be varied by means of an adjustable resistance in the battery circuit. 
For the unknown resistance x any coil of, say, from тоо to 1,000 ohms 
may be used, and to one end L of it attach a piece of rubber or gutta 
percha insulated wire, the other end of which dips in a bucket of salt- 
water. From the point A of the bridge run a lead іо a coil of galvanised 
iron wire immersed in the water, but not touching the wire LC. With 
this simple apparatus a fair idea of measuring to false zero can be derived. 
It will be found that 2’, the resistance obtained, will always exceed х, 
the true resistance of the coil LD, and that х —x can be varied by 
altering the E.M.F. of the battery, by reversing the battery, or by 
altering the area of copper exposed at C. If this area is small, it will 
be found possible to run it up to a fairly high resistance by prolonged 
application of a positive testing current. If a milliammeter be placed in 
the circuit L C the curves may be drawn for different areas of copper 
exposed at C, of x’ — x or x, the end resistance, and I, the current through 


the end. By plotting x and Fi the truth of Kennelly's law may be: 
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tested. This experiment differs from practical work owing to the 
absence of the capacity of cables and its disturbing effects. "There is 
also no earth current, but fault current and polarisation may be 
studied. 

Capacity Effect on False Zero.— When a piece of cable is connected 
up to the bridge with the galvanometer key closed, and the battery is 
switched on, the potential at L rises faster than that at C owing to the 
capacity of the cable in the arm L C, which causes a throw on the galvo 
scale. Instead of stopping at false zero at the end of the return move- 
ment of the throw, the spot still continues sliding or creeping more or 
less rapidly across the scale owing to the polarisation of the end, and 
the difficulty is to estimate where the movement due to capacity ends 
and that due to polarisation begins, that point being the correct false 
zero. When a long length of cable is in circuit the capacity is too large 
to keep the galvanometer key down when switching the battery off or 
on, and it is necessary to open the galvanometer key for perhaps several 
seconds to protect the delicate suspension from the violent swing caused 
by the first rush of current. 

This introduces what is called a * false zero interval," and still further 
complicates matters, because during those seconds that the galvanometer 
was cut out the polarisation of the end was going on, and consequently 
the false zero changing, so that the result obtained on balancing after 
switching in the galvanometer is higher than the actual minimum resist- 
ance. Fortunately in this case the resistance of the long cable 
` makes the polarisation current small, and therefore helps to reduce 
the error. | 

Taking a False Zero Test.—Let us now suppose we have a cable con- 
nected up to a Wheatstone bridge, with battery and necessary keys in 
circuit. First depressthe galvanometer key ; the spot will move from the 
instrument zero and take up a position at false zero, more or less steady. 
Note that position. Now release the galvanometer key, press down the 
battery key, then after a second or so, depending on the capacity of the 
cable, press down the galvanometer key again and rapidly balance the 
bridge to false zero. As soon as the reading is obtained open the gal- 
vanometer key first, and then switch off the battery. False zero should 
again be taken, it will probably be different this time, and another balance 
taken to this new false zero. If taken quickly and skilfully the mean of 
two such readings should give a very close approximation to the resist- 
ance up to and including the end. Needless to say, the operator's skill 
and quickness in handling the Wheatstone bridge have a great influence 
on the accuracy of his results. 

Kennelly's Test to False Zero.—Kennelly's law, that the resistance of 
an end exposed in sea-water varies inversely as the square root of the 
current density through the exposed area, has been already mentioned. 
From it a test may be derived which gives us the resistance of the 
conductor up to the break, thus eliminating the end resistance. 

For this, two tests to false zero are taken with two different current 
strengths—C, and C,. Let R, and R, be the readings obtained. . Each 
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of these results R, and R, include the resistance up to the end, say x, 
the same in both cases, and the end resistance which will be, say f; and 
fa, in the two cases. 


Then— 
R,— x f 
transposing— 
Ah. Rr 
a m К, — х 
Ву Kennelly's law— 
f ї JC, 


hence— 


ы зш 
In practice this formula is generally put into the more useful shape— 


Ji 


x = R, — d Jn 1 
where— 


C, , 
п== с^, the ratio of currents, 


and— 
d= R, X R,. 


Tables of t : are calculated for different values of n, and kept 
handy when tests are being made. This test is made with negative 
current to line. The currents through the break should lie between 
5 and 25 milliamperes, and they are most easily determined by intro- 
ducing a milliammeter between the bridge and the cable. With higher 
or lower currents through the break the results are often less reliable, 
it is said, owing to restriction of free generation of hydrogen gas with 
currents of very low or high magnitude. 

Kennelly's test, though far from infallible, will often, if taken care- 
fully, give a very close approximation to the distance of the break, and, 
used in conjunction with other tests, it generally gives useful information 
as to the probable resistance to be deducted for the end. 

Notes on Equipment, etc.—The various instruments, switches, com- 
mutators, multiple-way plug-pieces, etc., necessary for the performance 
of the electrical tests in everyday use, are mounted on a testing table 
and permanently connected up with leads. The connections for any 
particular test ought to be made by inserting or withdrawing a few 
plugs, or moving switches, and the best arrangement of apparatus is 
that which enables the electrician to prepare his table for all of his 
usual tests with the minimum loss of time and number of alterations. 

The most usual tests are: Bridge tests (including Kennelly's, Schae- 
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fer’s, etc.), loop tests, capacity tests (Ballistic and Gott’s), and insulation 
tests by direct deflection and comparison. It will also be necessary 
to change over from testing to sending and receiving telegraphic 
messages. 

The arrangements of the testing table vary on all cable steamers, as 
the instruments are usually connected up by, or under the supervision 
of the chief electrician, who will arrange it to suit himself. If enough 
instruments are available, it is a good plan to have them arranged in 
two sets, each set occupying about half of the testing table, and includ- 
ing a Sullivan galvanometer, with its shunts and battery, reversing key 
in battery circuit, short circuit, and reversing key in galvanometer 
circuit, etc., and to use one side of the table and one set of instruments 
-for all tests requiring a Wheatstone bridge, the other side of the table 
being reserved for tests not requiring the bridge, such as capacity tests, 
insulation tests, etc. The lamp-rack and scale can then run along a 
slide stretching across the centre of the table, so as to be used for the 
galvanometer in each set. This arrangement of instruments will allow 
a large variety of tests to be carried out with few and simple alterations 
of plugs and switches. On the Wheatstone bridge side of the table 
there will be the bridge, Sullivan galvanometer, and shunt; syphon 
recorder, Kelvin mirror ga]jvanometer, or other “ speaking” instrument ; 
reversing keys in both battery and speaking instrument circuits ; an 
adjustable resistance in the battery circuit for adjusting the testing 
current, a milliammeter, a small standard condenser, a standard cell, and 
multiple-way plug-pieces, switches, cable terminals, etc., as necessary. 

On the other side of the table there will be the galvanometer and 
shunt, reversing and short-current keys in galvanometer circuit, revers- 
ing key in battery circuit, a set of slide resistances (for use in Gott's 
and other tests), standard high resistances, standard condensers, and, 
as before, the necessary plug, switches, etc., to combine the set in the 
required arrangement. 

In the bridge set it will be found useful to have a Kelvin mirror 
galvanometer, with coil suspended in glycerine so as to make the 
instrument rather “ stiff,” to be used in place of the delicate Sullivan 
galvanometer when dealing with short lengths of cables. It will gener- 
ally be found that the electrician will have a dozen or more short, pieces 
to test for every time he has to test a long cable, and for such work the 
sensitiveness of the Sullivan galvanometer is a nuisance. A Kelvin 
mirror galvanometer of the type mentioned above can easily stand the 
violent swings caused by the charge or discharge of the cable capacity 
when a powerful battery is switched on or off, so that the galvanometer 
key can be clamped down when testirig, and readings taken to false 
zero, without any false zero interval, by manipulating the battery key 
only. Thistype of galvanometer is quite sensitive to 1 ohm in 1,000 ohms, 
and the use of it in the above way will prevent the operator from mis- 
taking a near break with a high resistance end for a distant break with 
a low resistance end, because the galvanometer being always across the 
bridge terminals, he will see the capacity kick on switching on or off 
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his battery, and if the kick is very small in view of the resistance in 
circuit, he will be warned of a high end resistance. On the contrary, 
the Sullivan galvanometer gets one into the habit of always keeping the 
galvanometer circuit open until a second or so after the battery is 
switched on, and of opening it again before the battery is switched off, so 
that the charge or discharge throw is not seen and its evidence perhaps 
not considered. Serious mistakes are on record as having occurred 
through neglecting this simple precaution. For taking resistances of 
less than 800 ohms the Sullivan galvanometer appears to the author to 
be an unnecessary refinement, productive of more harm than good. 

For capacity measurements by the ballistic method, on the other 
hand, the Sullivan galvanometer should always be used. The Kelvin 
instrument is anything but satisfactory for this test. 

In all the tests considered in this paper it has been assumed that 
there is only one break or fault to be located. In practice it often 
happens that one or more faults intervene between the testing end and 
a break or another fault, and the task of locating the latter then 
becomes more complicated and uncertain. Sometimes the presence of 
such intervening faults is known, sometimes it is not, especially in cable 


F; Se 


FIG. 2. 


systems in which regular routine testing of all sections does not take 
place. The mere knowledge of the presence of an intervening fault is 
not enough, except to make the electrician more cautious even than 
usual. A knowledge of its position and resistance is essential if it is to 
be properly allowed for in the location. Its resistance is not a con- 
stant. Let us consider a simple case, a cable with two faults in it, f, 
and f: (Fig. 2). 

If tests from both A and B are available, or if there is a sound 
loop cable between A and B, the discrepancies between A and B's 
tests will be enough to indicate to the testers that there are two 
faults. If there is only one electrician and no loop cable, the 
interference of two varying fault resistances will generally cause 
such inconsistencies in the results of Blavier tests from one end that 
an experienced man will soon see how the land lies. In a case like 
this, the Blavier test is more likely to give correct results than either 
the loop or the earth overlap tests, though the latter are vastly superior 
when there is only one fault. A little consideration will show that the 
presence of the second fault rather tends to correct the chief natural 
inaccuracy of the ordinary Blavier test, by making the currents which 
traverse f, while end B is freed and earthed, more nearly the same. In 
a case like this it is the best policy to locate the worst fault from the 
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side nearest to it, as near as possible by the Blavier test, and make sure 
of lifting the cable a little to the far side of this fault, so as to get in 
between them, when it will be a simple case of locating a single fault ' 
each way. If both faults are of too high resistance to be correctly 
obtained by the Blavier test, it may be a good plan to “cut in" at any 
convenient place in the cable between C and D, take tests both ways, 
splice up again if the cut-in is not near either fault, and then proceed 
to remove the faults, which can be easily located from any point 
between them. 
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ORIGINAL COMMU NICATION. 


THE THEORY OF THE STATIC BALANCER. 


By C. C. HAWKINS, Member. 


(Received Fune 13, 1910.) 


Although the general principle of the static balancer used in 
connection with a single dynamo feeding a 3-wire network is simple 
and well understood, there are certain less-known details in its actual 
working which deserve attention in a scientific statement of its theory, 
and which have some practical bearing as showing in what direction 
the commonly accepted version is only approximately true. The use 
of the apparatus or its equivalent—viz., the connection of the third 
- wire to the star-point of the secondaries of transformers feeding a 
rotary converter—has become more extended of recent years; yet so 
far as the writer is aware, since the articles published by Professor A. 
Sengel,* but little theoretical consideration has been paid to the system 
by English writers. The present rigorous examination of the system 
in detail is intended to show what are the terms that are usually 
neglected, and how far this is legitimate. It finally leads to a simple 
practical formula for determining the value of the out-of-balance 
current for the use of the designer. 

The theory of the static balancer is usually treated on the basis of a 
superposition of three systems of current : (1) A direct current C, of 
equal value in each side of the network and therefore flowing in series 
through it ; (2) an alternating current і flowing in series—e.g., through 
the two limbs of a single-phase or, as it is more correctly regarded, 
2-phase balancer ; and (3) an out-of-balance system giving as its final 
result the difference C, between the actual currents C, and C, in the 
two sides of the network. 

Taking the simple 2-phase case, the system of Fig. 1 may bereduced 
to the skeleton form of Fig. 2, which also gives the several resistances 
and induced E.M.F.'s. Each limb of the balancer has a resistance of 
p ohms, and except when the tappings to the slip-rings passthe brushes, 
the balancer divides each half of the armature into two portions, f b, 
b d, which are fractions q and (1 — q) of the length between f and d. 
If К, = the joint resistance of all paths of the armature from + to 


* Elektrotechnische Zeitschrift, May 17 and 24, 1900. 
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— brushes, one-half of the armature which may itself consist of several 
parallel paths will have a resistance of 2 R, ohms, and the resistances 
of the. portions fb and bd will be respectively 2 Ra q and 2 Ra (1 — 4). 
As rotation proceeds, q increases from o to r. 

When it is desired to construct equations that hold simultaneously 
for the three systems, it is evident that the iron of the armature and 


FIG. I.—T wo-phase Balancer Connections. 


pole-pieces must be taken as having reached its final resultant state. 
Let E, E, E, and E; be the instantaneous E.M.F.’s induced in the 
four portions of the armature winding ; under load the inducing field 
is distorted forward by the armature reaction, and the equality of the 
E.M.F.’s E, and Е, or E, and E,—i.e., zero impressed E.M.F. on the 
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Fic. 3.—C, апа i System with Third 


Fic. 2.—Diagrammatic Form. 
Wire Disconnected. 


balancer—always occurs after q= 4. Let L}, L, Lg, and Le be the instan- 
taneous (not necessarily constant) final inductances of the four portions 
of the armature winding, and L, and L, those of the two limbs of the 
balancer (supposed for the present to be wound on separate cores). 
Then on a balanced load, or on any load so long as the external 
network is disconnected from the centre of the balancer, E, = E., 
E, = Ec, L,= L,, and L; = Ls. But more than this, in a drum arma- 
ture, even if, as will be found to be the case, the final current c, differs 
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from c, in the opposite section, and c, differs from ce yet since the 
armature windings pass under, and are affected by corresponding 
portions of poles of opposite sign, the iron will be under the influence 
of both c, and c, or of both c, and ce, and the instantaneous L, will 
= L, and L, = Ls. Therefore, under all circumstances in the drum 
armature— 

E =E; L,=L, 

E, == Eg | L, = Lg 


although the rates of change of c, and c, may still remain different, or, 
again, ts and 26 may differ from one another. 

In the first place, let the middle of the network—i.e., the third wire— 
be entirely disconnected from the centre of the balancer, as shown in 
Fig. 3. Then the joint system of C, and i is symmetrical in the further 
sense that the currents due thereto in each of the portions of the arma- 
ture of uneven suffix remain at every instant equal, and those of even 
suffix are equal. That is, if 7, i, etc., are the resulting currents from 
C, and i (no out-of-balance currents being as yet possible), the con- 
dition of Fig. 3 is reached, in which the armature currents are divisible 


into two similar pairs, viz. :— 


А C, t 
А i 
ned ==. 


just as in & single-phase rotary converter. 
The true instantaneous currents are then :— 

Direct— | 

(Ea— iR (1 — 2q) — (Ls GF LL) 
G= LE ес о 

R, + Re+ Ra 
Alternating— 

di |, di 


| di 
E, — E; — C, Ra (124) — (L, di + L, 11) = 0+ bs) 71 


204R (2) 


i = 

It is evident that the alternating current reacts through the ohmic 
resistance of the armature upon the C, system, and causes its value and 
the terminal voltage for an assumed constant armature E.M.F. to 
pulsate slightly. The two systems depend upon each other, so that 
when the balancer circuit is closed across the armature the instan- 
taneous value of the new direct current C, is, except at particular 


moments, different from the initial value C — ЕЕЕ ЕЕ Неге R, 


and R, are the effective resistances on the positive and negative sides 
of the network respectively, whether from lamps or motors (the shunt 
current and resistance of any series winding being at present, for the 
sake of simplicity, neglected). 
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Since C, itself pulsates, the rates of change of 7, and i, are not the 
same numerically, and are not each equal to half the rate of change 
of i in the balancer; hence the necessity for introducing the full 
{ instead of simply + (L; F L) 25. 

Since C, and i are mutually interdependent, one or other must be 
independently determined by Kirchhoff's laws (see Appendix). 

Let ј, = the instantaneous divergence of the potential of the 
(unconnected) third wire from its correct value midway between the 
potentials of the brushes. When R, is > R, or the positive side of 
the network has the lower resistance and is the more heavily loaded, 
Jo is positive or above the true mean. Then— 


terms „©з FL 


C Rı— Re : 
A-—(R—R)I-&CDE- I .. . . (3) 


where v, is the instantaneous value of the pulsating brush voltage. 
Evidently j, must be half the difference in the volts expended respec- 
tively over the two sides of the network in the passage of Cs. 

As compared with the original divergence without any balancer, 
viz. :— 


R FR 2 EU 


jo for an assumed constant induced E.M.F. E, will in general differ 
from Jo, and only becomes identical with it at the particular moment 
when С, becomes identical with C, i.e., when q = $, and L, = L, 

By the junction of the third wire to the centre of the balancer it is 
now desired to reduce the divergence from J, or j, to some lower value 
Jo, as nearly zero as the resistance of the balancer and armature permits. 

In order to trace the effect of the centre connection, the first step 
must be to determine the difference of potential between the third 
wire and the centre of the balancer before connection is made. Under 
the joint system of C, and i, from the symmetry of their arrangement, 
the mean of the brush potentials is always equal to the mean of the 
potentials at the two ends of the balancer. I.e., if a, b, d, and f are the 
actual potentials in Fig. 3— 


But the centre point of the balancer will not be at this mean value 
unless L, = Lg. When they are different the potential of the centre 
а + 0 by the instantaneous 


point diverges from the instantaneous mean 


amount— 
L,— L: di 
2. ‘at 
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. Now у, is the divergence of the third-wire potential from Ani The 


total instantaneous difference of potential between the third wire and 
the centre of the balancer is therefore— 


ји See LT А v.s . (5) 


Or suppose the centre of the balancer to be earthed, then the numerical 
value of the potential of the positive brushes would differ from the 
numerical d of the potential of the negative brushes by the amount 


(Ls pj. 4 Р and the absolute value of the potential of the third wire 


before connection would be e. 
The true method of superposing the out-of-balance components is 
then at once apparent. The result of connecting the third wire at 


2 
e ر‎ 


~ 
"ec o t 


[4 
4 
t 
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1 

1 


Fic. 4.—System of Out-of- Fic. 5.—Complete System. 
balance Components. 


potential e to the centre assumed as at zero potential must be to call 
into existence a system of out-of-balance components which in the 
2-phase case will in each of the four portions of the system exactly 
consume the voltage e. Each equalising current flows round one of 
the four circuits from the point of low potential fo the point of high 
potential, and by its passage calls for a voltage exactly equal toe. Let 
Созу Coq Cosy Cos be the out-of-balance components іп the four portions of 
the armature winding, the suffix o indicating “ out-of-balance " ; each 
may in imagination be regarded as completed by its proportionate 
shares of a balancer limb and of a side of the network to form four 
separate circuits (Fig. 4). 

It may here at once be premised that the value of each of the out- 
of-balance components varies continuously as rotation proceeds and g 
increases fromoto 1. In each section, therefore, account has to be 
taken of the self-induced E.M.F.’s due to the rates of change с vu : "IL 
etc., which will also go either to help or check the equalisation of е. 
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As shown in Fig. 4, the necessary out-of-balance components are 
alternately clockwise and anti-clockwise. 

The E.M.F.’s represented by cells in Figs. 4 and 6 might equally 
well be located in the sides of the network R, and К„ but this does not 
so clearly indicate that the driving E.M.F. of the out-of-balance system 
in one section comes out of the induced armature E.M.F., and in the 
adjacent section on the same side of the network is, as it were, saved. 
This does not, however, imply that the resultant terminal E.M.F. is 
unaffected ; the amperes are increased and the terminal voltage as 
compared with that corresponding to C, is lowered,* although the total 
output for constant E, is increased. What is meant is that the super- 
position of system (3) only affects the joint system of (1) and (2) by 
virtue of alteration of the iron inductances, so that if the final iron 
inductances are assumed at the outset in the expressions for C, and i, 
then these expressions still continue to hold good, and are unaffected 
by the out-of-balance system. 

The extension to the case of any even number л of phases is simple. 
The limbs of the balancer on one side of the network diameter fd 


Fic. 6.—Four-phase Balancer. 


(Fig. 6) are, as it were, so many parallel paths linked up by a portion of 
the armature of resistance +5 between each pair of limbs. The only 
difference is that whereas in the 2-phase case the out-of-balance 
current along one limb as o b must divide in opposite directions at b, in 
the 4- or 6-phase case it may all continue onwards in the armature in one 
direction. But wherever in the armature the division in opposite direc- 
tions does take place, then above this point towards d the amount e is, 
say, expended out of the armature induced E.M.F., and below this point 
the same amount e is saved. The 3-phase case is as simple in principle, 


* The further reduction in the terminal volts is by the amount— 
R,-R 
jc Ra . =w 


when the E.M.F.'s self-induced by the out-of-balance components are neglected. The 
value of W is given in the Appendix. | 
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but the actual expressions required become a little more complicated 
owing to the uneven number of phases. 

Returning tothe 2-phase case, the out-of-balance component in each 
section of the armature is in the opposite direction to that of its adjacent 
neighbour (Fig. 4), but they are additive in each limb of the balancer 
and in each side of the network. The total out-of-balance current is 
therefore numerically— 


Co = Cor + Coa = Cog F Cog F Cos F Се 


The complete solution of C, is given in the Appendix, and if the 
E.M.F.’s self-induced by the out-of-balance components be neglected, 


as there explained, it reduces to— 


Oe — о Ё) 


In the particular case when q = }, this becomes— 


where— 


W’'=R,+R.+ К, 
U' —2R,R,-p(R, + К, + Ra) + Ra (R, + R: +$ Ra). 


The justification for selecting the particular instant when q=4 for 
especial consideration is given later. 
If the instantaneous value of L, be assumed equal to that of Lg, 


4 


W 
C, = (R, — R) Co. 7 . . . . e . е (7) 


But whether the inductive effects of the out-of-balance components 
are included or neglected, the two portions Co, and c; on the two sides 
of the network are never equal ; thus when they are determined only 
by the ohmic resistances and in the simplest case when q=#, the 
division of C, is as follows :— 


In R,— 
C, 2R,+R, 
2 R,+R,+R,’ 
in R;— 
С, ` 2 R, + Ra 
2 R+R +R, 


Their directions are the same relatively to the centre, so that in the 
one outer the superposed current is opposed to C, and reduces its 
value, while in the other outer the two are additive. 

The out-of-balance currents in the two limbs of the balancer are 
also always dissimilar except at one moment. Their directions are the 
same relatively to the centre—;.e., both outwards or both inwards—and 
in Fig. 4 they are outwards because the positive side of the network 
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has been assumed to have the lesser resistance and therefore to be 
the more heavily loaded. Наа the negative side been the more 
heavily loaded, they would have been directed inwards, and the out-of- 
balance currents in the external network would conversely have been 
outwards. 

Lastly, when the radial currents pass into the armature winding they 
do not divide equally, nor in inverse proportion to q and (т — q). They 
are so proportioned that, if e is gained from the induced E.M.F. in one 
quadrant, it is spent in the neighbouring quadrant on the same side of 
the armature. It thus results (Fig. 5) that the final currents in the 
armature, viz. :— | 


С, 1 C, 1 

С —+-+с с эше a C 

з ag e 477 2 2. «vH 
C, l C; 1 

5 2 і 2 05) 6 2 - icu 06) 


are in general always all dissimilar, and so also those in the balancer, 
viz., €, = (сз + €) + i and Cg = (Cos + Cos) — і. In this respect therefore, 
owing to the unbalanced load, the case of the static balancer is different 
from the rotary converter. 

When the two phases are wound on entirely separate cores, the 
true alternating current flows onwards through the two coils in series, 
with the same instantaneous value in each limb and with the same rate 


of change, yielding a total self-induced E.M.F. (L, + Lo) 25. But the 


d Cog 
dt 
thereby through 2 апа Lg, even if L, = La are expended in the several 
local circuits in modifying the distribution of the out-of-balance com- 
ponents. In this is to be found the solution of the problem of the 
dissimilar half-waves of current produced by the strong magnetic 
“bias” of the iron in separate choking coils, as in the case of three 
transformers feeding a rotary converter with the middle wire of the 
direct-current network connected to the centre. The true alternating 
current flows through the three limbs in their proper proportions 
according to their positions relatively to the armature, but the local 
out-of-balance currents are distorted out of their normal changing 
division. 

It remains to calculate the new value of the divergence, and at this 
stage it is necessary to define a counter-clockwise E.M.F. or current 
round any part of the armature as positive, and in the limbs of the 
balancer a current outwards from the centre as positive. "Thus in 
limbs 7 and 8 i is respectively positive and negative when it flows from 
a to b, while c;, and cg have the same sign, being both either outwards 
ог inwards. The rate of change of c, and cs is then positive, if they are 
outwards and increasing in amount. 

From an assumed zero potential at the centre, and proceeding 


rates of change 7 z and 77 are different, and the E.M.F.'s self-induced 
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along the path o b d, we arrive at the potential of brush d as positive 
and above zero by the amount— 


-L d Co 


eO ges dt, oF 


7 dt 3dl 
C 
-( +; £ + ca) 2 Ra (1—9). 


а = — (с, +i)p—L 


Proceeding along the path oaf we arrive at the potential of brush 
f as negative and below zero, its value being— i 


d cg di, d Cos 
qi CTI uar 


T (z- + 5 — cs) 2 Ra (1 — 4). 


= — (Ca — i)p— Le 


Adding the two together, their sum— 


4+/=— (es ca) p — Ly SI — 1a G9 — LS (FP + FP) 


— (Соз + Cos) 2 Re (I — 9), 


which is the arithmetical difference of the two new brush potentials. 

. If now half of this sum, but with reversed sign, is added to the 
potential of the centre, the potential of each brush is altered equally, 
and they become of equal numerical value but of opposite sign. The 
divergence of the centre wire from the mean of the brush potentials 
that isto be found is then equal to the new potential which has been 
given to the centre, i.e, it is— 


je = - + 


I “4 dcs | Iq (dog |, ас 
2 2 : pA zlee ap + )ماو‎ + ) 


BIS A Cos) Ra (I — 4). 


Now it can be shown that— 


(co ы) = 9C, 5 {Ly (GF + GF) -L CER) т E 


Therefore without any approximation the final instantaneous value 
of the divergence after connection of the third wire is— 


ic = Co (£ + Ra(g—9")) + (а +1) 
+21, CHEESE +51, (So + ya -o . (8) 


dt 
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a ang = veing the reverse of those of 6 and 
u 


di 
Heos, the two last expressions act oppositely, and since L, is more or 


The signs of 


less proportional to (т — q) La апа L, to q La, where L, is the inductance 
of one-half of the armature, their net effect at any time is very small 
and may be neglected. 

The second term may be resolved into— 


I d Co d Cog | 
zu — Le) ji + 5 (1, Ge + La) RIXA 


dc 
а Coy а Cog 
in which the signs o PA and di 


of their instantaneous rates of change then increases or decreases ic. 

In the more usual case when the two phases or pairs of phases are 
wound on the same core, let L, = J, + M and L; =l; + M, where M is 
the flux due to unit current in one coil which also passes through the 
second coil, and /, and /, are the respective leakage fluxes per unit 


may be the same, so that the mean 


current. Instead of L d Coy we then have— 


7 dt’ 
e (a d Cog 
psy EM i) 
d Cog 
and instead of L, ar we have— 
d Cog (Ga _ d Cog 
ь Ма?) 


From the fact that the instantaneous out-of-balance currents Co, and 
cog are not equal, it is evident that the magnetic effects of the direct- 
current components can never be strictly balanced, even though the 
windings may be on the same core. Their rates of change are also 
different. To take strict account of the mutual inductance of the 
phases, it is only, however, necessary to write J, for L, and l for Lg 
in the expressions (5), (8), and (9). 

Finally, therefore, when the expression (9) is neglected we have 
simply in the 2-phase balancer— 


= © (E + Re (— 9) SAU ub сє: dee 9) 


It has above been shown that even if the system is regarded as non- 
inductive to the out-of-balance components, the assumption that the 


current in each limb of the balancer — Е is only approximately true 


and the division in the armature is in reality not a simple matter. Yet 
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it is interesting to observe that the above final value for 7, is exactly 
the same in effect as if C, divided equally between the two phases with 


a loss of C, . 5 volts in each, and then divided at the junctions with 
the armature winding into portions c а — q) over the resistance 


2 Raq and cs - q over the resistance 2 Ra (1 — q), requiring in either 


case an additional voltage = С, Ra (q — 9°). 

The average value of q — 4° between q =o and q = І is 1/6, and due 
to the peculiarity noted above this correct result has often been arrived 
at, and is well known. Yet the actual distribution of currents which 
has been made the starting-point of the proof has usually been erro- 
neously stated. 

The average value of the armature resistance term has been 
extended by Professor A. Sengel to the case of n-phases in the 
generalised expression R, (= + zs) but it is obvious that to 
obtain the true average value of 7, the whole expression including 
C, should in strictness be averaged, since C, itself pulsates. 

The pulsation of both 7, and C, was noted by Professor Sengel, who 
. showed that hot-wire instruments indicating the R.M.S. value gave 
higher readings than polarised instruments. In his experiments thc 
average value of C, was measured, and in combination with the average 
armature resistance term was found to give values of j, agreeing 
moderately well with the measured values. But for the purpose of 
design it does not appear that any virtue can be claimed for the 
average value of the armature resistance in the absence of knowledge 
of the average С. When practical values are given to the various 
quantities, it will be found that the changing numerator and denomi- 
nator of C, are dominated by the rise and fall in the value of U on 
either side of q— 1, so that on the whole C, is at its maximum when 
q =o and at its minimum when q = 4. 

In consequence у, remains more nearly constant, and when, as in 
practice, Rz; is about 5 per cent. of К, + R, under approximately full 
load, the whole range of fluctuation is so small that it is quite as 
accurate to take the simplest case of qg==4, when the alternating 
current has no effect on Cy. At this moment, neglecting any E.M.F.’s 
self-induced by the out-of-balance components, we also have in general 
for any number of phases— 


im (p + ©) -— oes 


It then becomes possible to state from the designer's point of view 
the necessary data which determine the value of C, in terms of 
the assumed constant E, and of the resistances. C, becomes identical 
with the initial current C, or more accurately with allowance for the 
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shunt current c, and shunt resistance R, in parallel with the external 
network— 


E, 
C= R FRR — کک‎ xn og 12) 
R, FR, +R," 
and— 
. R,—R, 
Jom ————(C.—6). .. .. e (13) 


2 
The desired quantities in the 2-phase case then reduce to— 


“IRR FPR FR TRI FRR FRIFIR,) ^ 09 
Co 
c= 2 (o T 4 R2), 


Co 


and in the 4-phase case— 


qu RA [Ee e (R FRERE + Fe)] 


2 R, R, + 6 (В, + R, + Ra) +} Ra (R: + R7) 


о 


on 
Je = 4 (o + 4 Ra). 
In the 3-phase case the denominator becomes— 


3 2 R: Ra + $p (R: + R: + Ra) + $ E;/ (R, +R. + $. Ra) 
and— 


i= =: (p + К.) very nearly. 


When there are more than two phases the current through the network 
and shunt when the third wire is disconnected does not strictly return 
to (12) even when g=3. The amount of approximation involved in 
this assumption and the further approximation in the denominator is 
indicated in the Appendix ; both are so small that the above expressions 
for the 3- and 4-phase cases are closely true. 

In both cases any E.M.F.'s due to the out-of-balance components 
themselves are neglected, and the inaccuracy in the denominators due 
to the presence of the shunt circuit is negligible, since so far as the 
out-of-balance components are concerned, the potentials of the brushes 
are so nearly the same that little current flows vid the shunt. Since 
the series coils are preferably divided between the positive and nega- 
tive outers, their resistance may be taken into account in the values 
assigned to R, and R,, which must necessarily be known or estimated 
at the outset. | 

It needs only, then, to be borne in mind that though C, is at its 
lowest limit, yet owing to the variations of the armature resistance 
term outweighing Суз variation, j, is at its maximum and the worst case 
has been taken. 
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APPENDIX. 


An E.M.F. or current round any portion of the armature in a 
counter-clockwise direction being taken as positive, the sign of the 


current і and of its rate of change а: can be fixed by reference to the 
armature, and for this purpose will be chosen the sign or direction of 
Z in the arc which has 3 for its suffix. A current flowing upwards in 


this arc 3 is by the above convention reckoned as positive. Similarly 
a positive rate of change of C, is to be interpreted as meaning an 
increasing value of C, in an upward direction in the right-hand half of 
the armature of Fig. 3. 

I. The true instantaneous values of C, and i are then found as 
follows :— 

Let the mean of the E.M.F.'s round the path O b d and round the 
path O af, i.e.— | 


and the mean of the E.M.F.s round the path Oad and round the 
path O bf, i.e.— 


di, , L,+ La di | 
E, — Ligi + 2 =” 
Since— 
: C, i 
8—2 +2 
and— 
С, 1 
— ==» 


and the rate of change of i far outweighs that of C, it follows that 
the final effect of — L di is opposite in sign to that of — L, zn 


tdt 
Let— 
p (R: + Ra + Ra) + 4 Ra (В, + R) + 2 Req — 4) =. 
Then— 
C, — Sle + R9 + Tle* Ro (r— 9] +hR,(1 —2q) . (16) 


j 9 (RE R2 Ra. g)—T [Е,+Е„+2 Re (1—49)]—2 h (Ri +R + Ra) (17) 
= 2W 


II. In order to solve for C, in the 2-phase case, let x; y, z, w be the 
cyclic symbols for the currents in the four circuits, the positive direc- 
tion of each being counter-clockwise, so that x = соз, y == — Cog, 2 = Cos, 
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and 20 = — ск Тһе E.M.F. e is oppositely directed in alternate 
circuits, and appears, therefore, alternately positive and negative. 
When arranged for solution by determinants the four simultaneous 
equations are :— 


+ [o +2 Ra (1—9) + Еа — py —Oz—Ry.w 


== е — 


а х а (х — 
тс. — 


—px + (р+2 К,.9 + К,)у – R:z—0w 


l 
® 
| 
m 
| 
| 
p 


All the rates of change, dx/dt, d y[d t, dz|d t, d w|d t, have the. 
same sign throughout the half-cycle from q =o to g=1, the apparent 
anomaly of these currents continually increasing or decreasing being 
explained by the fact that the same counter-clockwise direction is 
d Cos 


retained as positive in each section. The signs of € rd and гр are the 
dy dw | : 
reverse of those of di and dp? that actually when the current in 


one section is rising it is falling in its neighbour. As the component 
Соз rises, say, from g=o to g=1, the component c falls from the 
same maximum to the same minimum, so that at the end of a half-cycle 
Co, may be said to be continued as с, and Co, aS c. The signs of the 
rates of change in the balancer limbs being fixed by x and z, they 
agree with the convention previously adopted for —-/ асы di H an a 
Let— 


m: = о (R: + R: + Ra) + 2 Re (9 — 4°) + К, К,9 + К, К, (т — q). 
m: == о (R: + К, + Ra) + 2 R? (q — 4) + К, R (1—9) + R: Raq. 
nm: =p К, (4 ++) +рЕ, (9—3) +0 К„@+ К, Rag + 2 Ка 9 (q — Ф). 
n, =p К, (9 — $) + р R- (q + ‡) + p Rag +R: Rag + 2 Ка д (9 — 4°). 
fı = p R, (} — Ф + р E, (14 — 4) + р Ra (1 — 4) + R: Ra (1 — 9) 

+ 2 Ra? 9 (І — qy. 
Ё = р R: (1 # — q) + р Ra (6—9) + p Ro (1 — 4) + R: Ra (1 — 9) 

+ 2RZq(1—4y. 
U =p R, (R, + ЕБ) + R, R (о p + Re) + p° (R: + R: + Ra) 

+ 2 Ra (4 — 4) [Ra (R: + R2) + o (R: + R: + 2 Ra) + 2 Ка (9 — 4°)]. 

VoL. 45. 47 


718 HAWKINS: THE THEORY OF THE STATIC BALANCER. 


Then the complete solution is— 


I d (x — y) d(z— w) ү ах 
= (ew Lap ^^ Ls — di т, Ls yf 
—L a 1,59. EL dí jh) 
__ 1 d Coy d Cog d Соз 
-p(e2W-L 12 m, — Le 7m, — L; 775 
d Cos p, 269 d Cos 
—L, di п, — L, dt P— L 4 di Р.) (18) 


where W has the same value as in the preceding section. 
It is not possible ha effect legitimately any further simplification ; 


in general, although 20 is very similar to а са zr and, indeed, has the 


same average value, yet their instantaneous equality would mean the 
constancy of c4, in R, a condition which is forbidden simply by 


the changing ohmic resistances, Similarly 2а is very similar to 


and has the same average rate, but it is just their small instan- 


d Cos 
dt’ 
taneous divergence which corresponds to the slight pulsation in the 
value of Co, in R, ; or, again, when differently grouped, the differences 
in the rates of change are the counterpart of the pulsation in the values 
of Co, and Cog. 
Lastly, it may be added that although L, and L are much greater 


асз Aly 
than L, and L,, yet “ae at’ 


etc., are considerable, and much greater 


than 2 a and е "T dr so that there is only a slight preference in retaining 


the latter rather than the former. 

When, as is more usual, the two phases are wound on the same 
core, in place of the last term on the right-hand side of each of the four 
simultaneous equations we have— 


d (x — y) d(x—y) | =. 
шк, E T -M( dt x 

d (x — y) d (x — y) ge 
D EL rd Mak 
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In the final result for C, it is only necessary in (18) to write J, and lg 
for L, and Lg, and to add within the bracket a new term, viz. :— 


+ (В, — R) Ra (1 — 2 q) M (r — Ee), 


Since this term disappears when q — }, it introduces no further change 
іп the working formulze at the moment when q = 4. 

When all inductive effects from the out-of-balance components are 
neglected— 


og == бү Cos == 2 = eT 
ک لوک ہے‎ – е. lg = w= e. fs, 
(соз + Coy) in one limb of the balancer = x — y =e. U 
(Cos + Cos) in the other limb of the balancer = 2 — w = е л 


U' 
Or if— 
fen + „== 2 о К, + о К„ + RR, + 2 К. (9 — 9). 
f= n: + pr = 2 о Ri + р К„ + RR. +2 Ка (9 — 4°). 


(сз + cos) in R= x — w w=elt =Q. 2 
кеи а 8 


By assigning any values to the resistances and to e the accuracy of 
the above is easily tested, and the exact equalisation of e in each 
circuit may be proved. 


III. In the 4-phase case, neglecting any E.M.F.'s self-induced by 
the out-of-balance currents themselves, we have strictly, when q = 4— 


2W' 


Come. Wr» 


where— 
W'is now =2p (R; + R, + RA + 1Ẹ R, (R, + Б) + Re 
+ (R +R + 3°), 
and— 
U' = 40 В, Е, + e (К, PRE RIT ашык d 
+ Ra (R, ipit RRA + d Rar 85 A В, +В, + >). 


Neglecting any E.M.F.’s self-induced in the armature, and taking 
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into account only the inductance of each limb of the balancer, viz., L, 
and 12, the true expression for С, is— 


вена) - [s (19) 2) 


2W' á 


E, being the intermediate E.M.F. of Fig. 6. 
The second term of the numerator is practically negligible. 
Further— 


2W' = (49 3 R + eé 25) (R + Rs + Ra) —R. (142), 


so that C, is slightly increased by the presence of the last term in the 
denominator, but approximately C, may be again identified with— 


FEFE 
Lastly— 
U'= (ae + 3R. + Я az) RR (R: + В, + Ra) 
HG 


+ (R+R + Sa) ] + $ Ra (R, + R) (P +} Ra) 


and as the last term is but small, the whole reduces very closely to— 


бош و ا‎ 
2R, R, + £ (В, +R +R.) + e (R, + R, + 5 =) 


or when the shunt current is taken into account we reach equation (15). 


IV. In the 3-phase case when q = i— 


2 W’ 


C= e Spe 


where— 
2 W' = 3p (R, + R + Ra.) + $ Ra (Ri + К) + 2 Rz 


6 2 
+10. ке (в, + R, к). 
p 
On the same assumptions as above— 
Ea | = Re) + =-(15R.) | 
— зр+2(15 yes 3 Ra) 
2W' 


a second term in the numerator being negligible. 


HAWKINS: THE THEORY OF THE STATIC BALANCER. 721 


But— 
16 Ra 


сМ == (3+7 Нече 7). + R,+R,) — 2 (Re+ =) 


so that approximately again— 
E, 
O= RRR. 


Lastly, U' is very closely— 


= (+ R, ui Ке в, R, + ps (В, + Ra + Б) 


p 
+ (R.+ В, +2. Ra) | 
whence— 


С. = (R, К,)Е, 
^—2R, E; c $e(R, +R. + Ra) +FR(R +R 4-2. RC 
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into account only the inductance of each limb of the balancer, viz., L, 
and Lg, the true expression for C; is— 


р ғ 
Е, В, + 2) – – [= -L(£5— 2) | R, 22 
Е (2-3 dt ( + "n 
2W' ; 
E, being the intermediate E.M.F. of Fig. 6. 
The second term of the numerator is practically negligible. 


Further— 
2W' = (4p 3 Ra + 21) (R, + Rs + R)— R. (o) 


so that C, is slightly increased by the presence of the last term in the 
denominator, but approximately C, may be again identified with— 


E, 
R, T К, + Ra 
Lastly— 


U'= (4p + 3R. 25 5) [к R, + £ (R; + R, + Ra) 
R, 
Ra (К, + R Ra 
+ "ma (Ri + Ra) (p ++ Re) 
and as the last term is but small, the whole reduces very closely to— 


(К, ma К) ae 


C= I ———M RN eee REI RE 
2 R, Ra + £ (В, + Ra +R) + 2$ 2(R4+R45 E 


or when theshunt current is taken into account we reach equation (15). 


IV. In the 3-phase case when q = 


C me 
where— 
2 W' = 3p (R: + R: + Ra) + $ E/(R, + К) + 2 Ra? 
16 Кур Ra 
+ 27 =(R ‚+ В, Ке). 


On the same assumptions as above— 


M E; Esa riw ET tin 


a second term in the numerator being negligible. 
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But— 


2W'- (5e: Ra +. ze) (R, +R,+R.)— = (Re + 189) 


so that approximately again— 


NS NR 

eR, +R. + Ra 
Lastly, U' is very closely— 

8 6 R, 
= (set Re + jS. SE)[ R, R, + pa (Ri + Ra + Ro) 
Ra 
+ (R +R z-R.) | 
whence— 
C. — (R, ER R;) E, 


2 R: Ra + 2e(R, + R; + Ra) ++ E;(R, + R +021. К, 
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Proceedings of the Thirty-eighth Annual General 
Meeting of the Institution of Electrical Engi- 
neers, held in the Rooms of the Royal Society 
of Arts, John Street, Adelphi, W.C., on Thurs- 
day evening, May 26, r910—Mr. W. DUDDELL, 
F.R.S., Vice-President, in the chair. 


The CHAIRMAN : Gentlemen, the meeting of the Institution, called 
for May 12th, was postponed owing to the death of His Majesty King 
Edward VII. Ido notthink I need say any words from this chair in 
eulogy of our late King, but I wish to read to you the following resolu- 
tion which was passed by the Council at a special meeting :— 


*'That the Council of the Institution of Electrical Engineers, in 
special meeting assembled, hereby record their sense of the 
deep loss which the British Empire has sustained through 
the lamented death of His Majesty King Edward VII., and 
their sorrow that one who spent his life for the good of his 
people, and to whom his subjects were affectionately devoted, 
has been removed from the scene of his unremitting labours, 
and that a reign marked by unparalleled social, scientific, and 
industrial progress has thus been brought to a close. 

“The Council humbly beg permission to express to His Majesty 
King George V., the Queen Mother, and to the Members of 
the Royal Family, their sincere condolence and sympathy, 
and, further, to lay before His Majesty the assurance of their 
unswerving loyalty and devotion, and their earnest wishes 
that he may, with Her Majesty Queen Mary, long be spared 
to reign in happiness and peace over a loving and united 
people." 


Gentlemen, I will ask you to confirm that motion standing, and in 
silence. | 
The resolution was carried in silence, all present standing. 
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The minutes of the Ordinary General Mecting held on May 5, тото, 
were taken as read, and confirmed. 


The CHAIRMAN: I regret to say that our President has written 
saying that he is still unwell, and unable to attend this evening. 

The next business that we have to transact is to appoint scrutineers 
of the ballot for the Council election. As about one thousand papers 
have to be counted, I suggest that four scrutineers should be appointed, 
and I suggest that Mr. W. A. Chamen, Mr. R. J. Wallis Jones, Mr. C. S. 
Thomson, and Mr. R. W. Hughman act in that capacity. 

The suggestion was agreed to. 

The CHAIRMAN : As there is such a large number of papers to be 
dealt with, I will request the scrutineers to be good enough to start 
their work at once. I will ask them to count the papers, and to let me 
have a signed statement of the number of votes for each individual, 
so that I may announce them to the meeting. І ask them at the con- 
clusion of their labours to put the ballot papers into an envelope and 
to seal them up in case any question should afterwards arise. I believe 
the usual course is to deposit that envelope with the Secretary of the 
Institution. If the meeting has no objection to this course being taken, 
I will now ask the scrutineers to commence their work. 

The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended. 

The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members :— 


Herbert C. Gunton. Charles Edward Smith. 
Albert Henry W. Marshall. Frank E. Stanley. 
Charles E. C. Shawfield. Thomas Parry O. Yale. 


From the class of Associates to that of Members :— 


Donald S. Barton. | Francis Lydall. 
Henry J. Spencer. 


From the class of Associates to that of Associate Members :— 


Frederick H. G. Goodwin. | James S. Smith. 
Andrew Cyril Weber. 


From the class of Students to that of Associate Members :— 


John William Bell. Alfred Geo. Ellis. 
Arthur B. Cartland. John R. Gillman. 
Harry Corney. Kenneth Geo. S. Hatfield. 


George Dearle. Archibald C. Lock. 
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From the class of Students to that of Associate Members (coníd.) :— 


Camille N. Mathieu. Godírey Jas. D. Scott. 
Charles J. Melbourne. George F. Sills. 
Clifford G. Rattray. Henry J. Troughton. - 


Walter D. Wilson. 


Messrs. R. Grigg and C. W. Smith were appointed scrutineers of 
the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Member. 
Adolphe Alfred Dion. | Alfred Hands. 


As Associate Members. 


James Grey Bell. Arthur J. Newman. 
James S. Brown. : Nicolo Pensabene-Perez. 
Sune H. Busch. Arthur J. Rayner. 
Percy J. Childs. Alex. M. Robertson. 
William F. Duncan. George Wm. Shearer. 
Hugo V. Flinn. Deane H. Slack. 

John Wesley Fraser. Laurance W. Swainson. 
Sidney Chas. Hackney. John T. Tattersall. 
Francis J. O. Howe. Harold Wm. Tyler. 

J. Walter Miles. Archibald L. Veitch. 
Joseph C. H. Morby. Alfred Geo. Watson. 


James Hope Wright. 


As Associate. 


William Henry Hunter. 


As Students. 


Richard M. Clark. Balkrishna B. Pradhan. 
James H. Enion. Harold Rider. 

José Vaz M. Gomes. Herbert Shannon. 
Harold E. Gough. John Slevin. 

Stanley M. Hill. William M. Slevin. 
Norman G. Kapp. Richard Stafford. 
Reginald Otto Kapp. Herbert A. Steytler. 
Geo. William McCall. Herbert Tetlow. 
Domingos J. Martinos. Gordon H. Tilly. 
Ashley Plowman. Prayag N. Varman. 


Donations to the Library were announced as having been received 
since the last meeting from The Adams Manufacturing Company, Ltd., 
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the Comte de Baillehache, T. H. Churton, The Collicry Guardian 
Company, Ltd., A. G. Collis, A. Constable & Co., Ltd., U. Crudeli, 
E. Haanel, A. W. Marshall, T. E. Murray, L. Oulton, W. H. Patchell, 
E. & F. N. Spon, Ltd., to whom the thanks of the meeting were duly 
accorded. 


ANNUAL REPORT. 


The CHAIRMAN: The next matter on the agenda is the annual 
report, a copy of which I believe is in the hands of all the members 
here present, 

The Chairman then proceeded to read the Annual Report. 
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REPORT OF THE COUNCIL FOR PRESENTATION TO THE 
ANNUAL GENERAL MEETING OF MAY 26, тото. 


At this, the thirty-eighth Annual General Meeting of the Institution 
of Electrical Engineers, the Council present to the Members their 
Report for the Session 1909-10. 


DEATH OF His MAJESTY KING EDWARD VII. 


The Institution shares in the public grief at the irreparable loss 
sustained by the nation through the death of His Majesty King Edward 
VII., which occurred on the 6th of this month. A vote of condolence 
and loyalty has been passed by the Council and transmitted to the 
Home Secretary to be forwarded to His Majesty King George. 


GROWTH OF THE INSTITUTION. 


Since the last Annual General Meeting, 505 proposals for election 
have been considered, and there have been elected 9 Members, 214 
Associate Members, 6 Associates, and 233 Students. 

39 Associate Members and 12 Associates have been transferred to 
the class of Members, 28 Associates and 117 Students to the class of 
Associate Members, and 3 Students to the class of Associates. 

The changes in the List of Members since the last Annual General 
Meeting are shown in the following table :— 


1909. I9IO. 

Honorary Members ... 5. 7 7 
Members en - m I,r36 I,172 
Associate Members ... T 2,375 2,628 
Associates $us T - 1,036 039 
Students ids 282 к 1,438 1,368 
Foreign Members ... ios 105 104 
Total ne coe 6,097 6,218 


MEMBERS DECEASED. 


Among well-known members who have died since the last Annual 
General Meeting are Major Philip Cardew, a Past Vice-President, 
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Mr. John Oldham, Local Honorary Secretary and Treasurer for Uruguay 
from 1886 to 1902, Sir Charles Todd, K.C.M.G., F.R.S., Local Honorary 
Secretary and Treasurer for South Australia from. 1881 to 1906, Mr. 
Shelford Bidwell, F.R.S., and Mr. Hugh Erat Harrison, B.Sc., Past- 
Members of Council. 

The complete list of those who have died during the past Session 
is as follows :— 


Members. 
Shelford Bidwell, F.R.S. John Oldham. 
Major Philip Cardew, R.E. Arthur Warren Peirce. 
(ret.). John Rance. 
Oswald Haes. James Reid. 
Hugh Erat Harrison. Charles John Robertson. 
Musgrave Heaphy. Sir Charles Todd, K.C.M.G. 
Francis Hastings Medhurst. Alfred Allen Whitlock. 
Associate M embers. 
Walter Herbert Beilby. Lionel Eugene Radcliffe. 
Alfred Alexander Cahen. Henry J. Rogers. 
Louis du B. Hugo. Thomas Rowe. 
Herbert John Mills, Arthur Denby Smith. 
James Nicolson. Percival Storey. 
Associates. 
Henry Bligh Forde. Alfred Charles Weaver. 
Edmund Lewis Robinson. Charles E. Winter. 
Students. 
Arthur Forrest Henderson. | Vasudeo S. Padhye. 


Charles J. Tyler. 


Foreign Members. 
Jules Gramaccini. | S. Kanda. 


Biographical notices of the deceased members will be found in the 
S'ournal. 
RESIGNATIONS. 


6 Members, 28 Associate Members, 16 Associates, 64 Students, and 
I Foreign Member have resigned since the last Annual General 
Meeting. 
MEETINGS AND PAPERS. 


During the past Session 15 General Meetings, 2 Special General 
Meetings, and 19 Council Meetings have been held. The usual Standing 
Committees have met regularly throughout the Session, and several 
Occasional Committees appointed by the Council for the considera- 
tion of special matters have also met, the total number of Committee 
Meetings held during the Session being 120. 
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There have been 45 meetings of Local Sections, viz., 7 at Bir- 
mingham, 7 at Dublin, 7 at Glasgow, 11 at Manchester, 6 at New- 
castle, and 7 at Leeds and Sheffield. 

The Annual Dinner of the Institution took place at the Hotel Cecil, 


London, on December 8th, 


be found in the Fournal, vol. 44, p. 269. 

Annual Dinnersand other social functions were held at Birmingham, 
Dublin, Glasgow, Leeds, Manchester, and Newcastle, which were well 
attended by members and guests, and at which several Members of 


Council were present. 


I909. A report of the proceedings will 


The following is the list of papers for the Session, with the names 
of the authors and the places where read :— 


TITLE, 


Inaugural Address of President. 


Chairman’s Address. 


Chairman’s Address. 
Chairman’s Address. 
Chairman’s Address. 
Chairman’s Address. 
Chairman’s Address. 
* A Telephone Relay." 


" Hydro-electric Installations 
of Sweden." 

“Balancers for Three-wire 
Systems." 

"Some Properties of Switch 
and Transformer Oils." 


“Efficiency of Short-spark 
Methods of Generating 
Electrical Oscillations.” 


“ Second Kelvin Lecture." 


“ An Electrical Safety System 
for Use in Mines." 

“ Some Quantitative Measure- 
ments in Connection with 
Radiotelegraphy." 

“ Progress of Electric Braking 
on the Glasgow Corpora- 
tion Tramway System." 

"'The Influence of Various 
Cooling Media upon the 
Rise in Temperature of 
Soft Iron Stampings." 


AUTHOR. 
Dr. С. КАРР. 
Prof. W. BROWN, 
B.Sc. 
К. К. MORCOM. 
E. G. Tipp. 
S. ]. WATSON. 
Prof. H. STROUD. 
W. M. ROGERSON. 
S. G. BROWN, Mem- 
ber. 


А. У. CLAYTON, 


Member. 

A. С. COOPER, As- 
sociate Member. 
W. P. DiGBY, Asso- 
ciate Member, and 

D. B. MELLIs. 

W. H. ECCLES, 
D.Sc., and A. J. 
MAKOWER, M.A, 
Associate Member. 

Prof. J. A. EWING, 
C. B., F. R. S., 
Member. 

H. J. FISHER, Asso- 
ciate Member. 

Dr. J. A. FLEMING, 
M.A. F.R.S, 
Member. 

A. GERRARD, Asso- 
ciate Member. 


R. D. GIFFORD, 
M.Sc., Student. 


WHERE READ. 
London. 


Dublin. 
Birmingham. 
Glasgow. 
Manchester. 
Newcastle. 
Leeds. 
London. 
London. 


Manchester. 


Manchester. 


London. 


London. 


Newcastle. 

London. 

London and Glas- 
gow. 


Birmingham. 
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TITLE. 
“ The Present Aspect of Elec- 
tric Lighting.” 


“Modern Electric Time Ser- 
vice.” 

“ Standardisation of Fuses.” 

“ Continuous-current Boosters 
and Balancers.” 

“Research on Metallic Fila- 
ment Lamps.” 

* Notes on Methods and Prac- 
tice in the German Elec- 
trical Industry." 

" Some Experiments on Single 
and Stranded Low-ten- 
sion Fuses." 

“ Recent Developments in the 
Transmission of Electri- 

. cal Energy at High Ten- 
sions on Overhead Lines." 


"On the Use of the Flicker 
Photometer for Differently 
Coloured Lights." 

"An Investigation as to the 
most Economical Vacuum 
in Electric Power Stations 
employing Steam  Tur- 
bines and Cooling 
Towers." 

“Some Notes on Standardi- 
sation of Electrical Ma- 
chines." 

“Rating and ‘Testing of 
Motors for Intermittent 
Working." 

“The Testing of Rubber for 
Electrical Work." 

“ An Improved Type of Point 
Controller for Electric 
Tramways.” 


: “The Design of Turbo Field - 


Magnets for Alternate- 
current Generators, with 
Special Reference to 
Large Units at High 
Speeds.” 

“ Short-circuiting of Large 
Electric Generators and 
-the Resulting Forees on 
Armature Windings.” 


REPORT OF THE COUNCIL. 


AUTHOR. 

H. W. HANDCOCK 
and A. Н. DYKES, 
Members. 

F. HoPEÉE-JOoNES, 
Member. 

H. W. KEFFORD. 

W. А. KER. 


F. H. R. LAVENDER, 
M.Sc., Student. 

L. J. LEPINE and 
A. R. STELLING, 
Students. 

W. Т. МАССА, 
Associate Member. 


Prof. E. W. MAR- 
CHANT, D.Sc, 
Member, andE. A. 
WATSON, M.Sc, 
Student. 

Н. Morris-AIREY, 
M.Sc. 


R. M. NEILSON. 


R. ORSETTICH, Mem- 
ber. 


Dr. R. POHL, Asso- 
ciate Member. 


Prof. A. SCHWARTZ, 
Member. 

J. P. TIERNEY, Asso- 
ciate Member. 


M. WALKER, Mem- 
ber. 


M. WALKER, Mem- 
ber. 
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WHERE READ. 
London, Birming- 

ham, and Man- 

chester. 
London. 


Birmingham. 
Glasgow. 


Birmingham. 
London, Birming- 
ham, and Man- 


chester. 
Sheffield. 


Manchester. 


Newcastle. 


Glasgow. 


Birmingham and 
Glasgow. 


Leeds. 


Manchester. 


Dublin. 


Loudon. 


London and Man- 
chester. 
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TITLE. AUTHOR. WHERE READ. 

“The Electric Ignition of J. W. WARR, Asso- Manchester. 
Internal Combustion En- ciate Member. 
gines.’ ) 

“Losses off Transmission E. A. WATSON, Stu- London. 

Lines due to Brush Dis- dent. 
charge, with Special 

Reference to Direct Cur- 

rent.” 

“Metallic Filament Lamps: С. WILKINSON, Leeds. 
their possible Beneficial Member, and R. 

Effect on Supply Under- McCourt, Asso- 
takings.” ciate Member. 

* Telephones,” L. E. WILSON. Manchester. 

* Earthed v. Insulated Neu- W. W. Woon, Asso- London and New 
trals in Colliery Installa- ciate, castle, 
tions.” 

“Some Notes on Overhead W. B. WOODHOUSE, Leeds, 

Line Construction.” Associate Member. 

“ Commutation Phenomena G. W. WORRALL, Birmingham. 
and Magnetic Oscilla- M.Sc., Associate 
tions occurring in Direct- Member. 


current Machines.” 
“ Equitable Charges for Train- 


way Supply.” Member. 


H. E. YERBURY, 


London, Birming- 
ham, Glasgow, 
Manchester, and 
Sheffield. 


In addition to the above-mentioned papers read at meetings the 
following have been accepted for printing in the fournal:— 


TITLE. 
“ On Magnetic Testing of Iron with Alternating 
Current." 
"The Examination of Water by Electrical 
Methods." 
“The Theory of the Dynamometer Wattmeter." 


“Graphical Treatment of the Zigzag and Slot 
Leakage in Induction Motors." 

“ Experimental Determination of the Moment of 
Inertia of a Continuous-current Armature." 

* Dimensions of Single-phase Core and Shell 
Transformers, with Copper and Iron Cir- 
cuits of Uniform Rectangular Cross-sec- 
tion." 

“The Relation between the Stator and Rotor 
Circuits of the Single-phase Induction 
Motor.” 

“The Arrangement of Experimental Electrical 
Circuits for Laboratories.” 

The Metal Tungsten as ‘ Valve’ Electrode.” 


AUTHOR. 
ALBERT CAMPBELL, B.A., 
Associate Member. 
W. P. DIGBY, Associate 
Member. 
C. V. DRYSDALE, D.Sc., 
Member. 
R. E. HELLMUND. 


Dr. G. KAPP, President. 
A. R. Low, Associate 
Member. 


C. F. SMITH, Member. 


W. P. STEINTHAL, M.Sc., 
Associate Member. 

L. Н. WALTER, M.A., 
Associate Member, 
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“The Production, Measurement, and Effect of L. W. WILD, Member. 
Variable Wave Form." 


SCHOLARSHIPS. 


The Council have awarded a Salomons Scholarship of the value of 
#50 to Brian Charles Clayton, of King’s College; and David Hughes 
Scholarships of the value of £50 each, to George Wood Pearce Page, of 
the Central Technical College, and to Archibald Davidson Peacock, of 
University College. 

PREMIUMS. 


The following premiums for papers and communications have been 
awarded by the Council this year. In accordance with precedent, in 
deciding upon these awards the Council have not taken into account 
papers contributed by present members of Council. 


The INSTITUTION PREMIUM, value £25, 


to Mr. Miles Walker, for his two papers, “Short Circuiting of Large 
Electrical Generators and the resulting Forces on Armature Windings," 
and “The Design of Turbo Field Magnets for Alternate-current 
Generators, with Special Reference to Large Units at High Speeds." 


The Paris ELECTRICAL EXHIBITION PREMIUM, value £10, 
to Professor A. Schwartz, for his paper, * The Testing of Rubber for 
Electrical Work." 
| The FAHIE PREMIUM, value £10, 
to Mr. S. G. Brown, for his paper, “ A Telephone Relay.” 


A PREMIUM, value £10, 


to Messrs. W. P. Digby and D. B. Mellis, for their paper, “Some 
Properties of Switch and Transformer Oils.” 


A PREMIUM, value £10, 


to Mr. G. W. Worrall, for his paper, ‘Commutation Phenomena and 
Magnetic Oscillations occurring in Direct Current Machines.” 


A PREMIUM, value £5, 
to Mr. F. Hope-Jones, for his paper, * Modern Electric Time Service." 


A PREMIUM, value £5, 
to Mr. F. H. R. Lavender, for his paper, * Research on Metallic 
Filament Lamps." 

A PREMIUM, value £5, 


to Mr. Albert Campbell, for his Original Communication, * On Magnetic 
Testing of Iron with Alternating Current." 
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A PREMIUM, value £5, | 
to Mr. C. F. Smith, for his Original Communication, * The Relation 
between the Stator and Rotor Circuits of the Single-phase Induction 
Motor." 


A PREMIUM, value £5, 


to Mr. L. W. Wild, for his Original Communication, * The Production 
Measurement, and Effect of Variable Wave-Form." 


STUDENTS’ PREMIUMS. 


A First STUDENTS’ PREMIUM, value £10, 
to Mr. R. C. Plowman, for his paper, “Isolated Electrical Plants.” 


A SECOND STUDENTS PREMIUM, value £5, 


to Mr. A. P. Young, for his paper, “Theory and Design of Current 
Transformers.” 


THREE STUDENTS PREMIUMS, each of the value of £5, 


to Messrs. P. J. Cottle and J. A. Rutherford, for their paper, “Collection 
of Current at High Peripheral Speeds” ; to Messrs. P. Kemp and W. A. 
Stephens, for their paper, “ High Tension Spark Discharge in Air ” ; to 
Mr. W. H. Young, for his paper, “The Localisation of Breaks in 
Submarine Cables.” 

WILLANS PREMIUM. 


The selection for the fifth triennial Willans Premium fell this year to 
the Council, who have awarded the premium to Mr. J. H. Rider for his 
paper entitled * The Electrical System of the London County Council 
Tramways,” read before the Institution in 1909. 


STUDENTS' SECTION. 


At the opening meeting of the session an address to the students 
was delivered by Mr. J. Н. Rider on the subject of “The Importance 
of Attention to Detail." 

Ten meetings of the Students’ Section have been held in the 
Library of the Institution, at which papers were read and discussed. 

The Students’ Committee organised a visit to Berlin in the summer 
of 1909, when the following works and places of interest were visited : 
The Allgemeine Elektricitits Gesellschaft ; the Electrical Engineering 
Department of the Königliche Technische Hochschule, Charlotten- 
burg ; Siemens-Schuckert werke ; Dr. Cassirer & Co.; the Physikalisch- 
Technische Reichsanstalt ; Bergmann Elektrizitats-werke A.G.; the 
Elberfeld Barmen Mono-Rail Electric Railway. Thirty-eight Students 
took part in the tour, which was very successful. 

The Annual Dinner of the Students' Section, held on January 26, 
1910, was well attended. 

The Glasgow and Manchester Branches of the Students' Section 
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have each completed a successful session, having held six and nine 
meetings respectively. Visits were made to various works by the 
kind permission of the firms concerned. 


THE INSTITUTION BUILDING. 


The structural alterations necessary to adapt the building to the 
requirements of the Institution have been in progress since August 
of last year. It is expected that the offices will shortly be transferred 
to the building, and that the Lecture Theatre, Library, and members’ 
rooms will be ready in time for the opening of the new session. 


* SCIENCE ABSTRACTS." 
The volumes for 1909 were of nearly the same size as those for 
1908, the number of abstracts and references being 2,161 in the Physics 
Section and 1,191 in the Electrical Engineering Section. 


THE BRITISH ELECTROTECHNICAL COMMITTEE. 
The British Committee for тото is constituted as follows :— 


The Council for the time being of the Institution, with the addition 
of Mr. K. Edgcumbe, Mr. S. Z. de Ferranti, Mr. C. le Maistre, Mr. 
H. W. Miller, The Lord Rayleigh, O.M., F.R.S., Captain H. R. Sankey, 
R.E. (ret.), Mr. C. P. Sparks, Mr. A. P. Trotter, and Mr. E. B. Vignoles. 

In view of the removal to the new building it was felt that it 
would be an advantage to transfer the work of the Committee to the 
Institution, The Committee having given their consent, the transfer 
was effected in January of this year, and the work is now carried on 
in the offices of the Institution. 

During the last Session the Committee and its Sub-Committees on 
Nomenclature and on Symbols have held eight meetings and have 
made satisfactory progress. 

An informal meeting of the Electrotechnical Committees of the 
various countries will take place at Brussels next August. This 
will afford an opportunity for an exchange of views, and will 
considerably facilitate the work of preparation of the several Com- 
mittees for the official International Meeting arranged to take place 
in Berlin in 19rr, 

WiRING RULES. 


The revision in progress has been carried further than was at first 
intended. By the kindness of Dr. R. T. Glazebrook, F.R.S., Director of 
the National Physical Laboratory, tests are being made with reference 
to certain data in the Rules. It is hoped that the revised edition will 
be ready before the end of the year. 


MODEL GENERAL CONDITIONS FOR CONTRACTS. 


The Model General Conditions for Contracts which were issued 
in 1903 are under revision. In this work the Council have had the 
VoL. 45. 48 
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benefit of the co-operation of The Cable Makers Association, The 
Electrical Contractors Association, The Incorporated Association of 
Electric Power Companies, The Incorporated Municipal Electrical 
Association, The National Electrical Manufacturers Association, The 
Tramways and Light Railways Association, all of which have appointed 
representatives to serve on the Committee carrying out the work of 
revision. 
PROFESSIONAL CONDUCT. 


The Council have decided to adopt the Regulations relating to 
Professional Conduct recently incorporated in the By-Laws of the 
Institution of Civil Engineers, and subject to the proposal receiving 
the sanction of a Special General Meeting of Members and Associate 
Members, these Regulations will be embodied in the Articles of 
Association and be applicable to members of all classes. The Regula- 
tions are as follows :— 


Every member of the Institution shall observe and be bound by the 
following regulations :— 


I. He shall act in all professional matters strictly in a fiduciary 
manner with regard to any clients whom he may advise, 
and his charges to such clients shall constitute his only 
remuneration in connection with such work, except as 
provided by Clause 4. 

2. He'shall not accept any trade commissions, discounts, allow- 
ances, or any indirect profit in connection with any work 
which he is engaged to design or to superintend, or with 
any professional business which may be entrusted to him. 

3. He shall not, while acting in a professional capacity, be at the 
same time, without disclosing the fact in writing to his clients, 
a director or member of, or a shareholder in, or act as agent 
for, any contracting or manufacturing company or firm or 
business with which he may have occasion to deal on behalf 
of his clients, or have any financial interest in such a business. 

4. Heshall not reccive, directly or indirectly, any royalty, gratuity, 
or commission on any patented or protected article or process 
used on work which he is carrying out for his clients, unless 
and until the receipt of such royalty, gratuity, or commission, 
has been authorised in writing by those clients. 

5. Heshall not improperly solicit professional work, either directly 
or by an agent, nor shall he pay, by commission or otherwise, 
any person who may introduce clients to him. 

6. He shall not be the medium of payments made on his clients' 
behalf to any contractor or business firm (unless specially so 
requested by his clients), but shall only issue certificates or 
recommendations for payment by his clients. 


Any alleged breach of these regulations or any alleged professional 
misconduct by a Corporate Member which may be brought before the 
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Council, properly vouched for and supported by sufficient evidence, 
shall be investigated, and if proved shall be dealt with by the Council 
either by expulsion of the offender from the Institution or in such 
other manner as the Council may think fit. 


EXAMINATIONS FOR ASSOCIATE MEMBERSHIP. 


A Committee has been appointed by the Council to consider, and 
report on, the question of an examination for Associate Membership. 


ARTICLES OF ASSOCIATION. 


As no alteration has taken place in the Articles of Association for 
the past five years, a Committee has been appointed to consider and to 
report whether any alterations are necessary, and any suggestions 
which the members may desire to make will be welcome. 


ELECTRIC LIGHTING ACT, 1909. 

The Council carefully considered the provisions of the Electric 
Lighting Acts (Amendment) Bill (1909), and in May, 1909, addressed a 
letter to the Board of Trade with reference to several of the clauses. 
Asaresult, a deputation of the Council, consisting of Mr. W. M. Mordey, 
then President, Mr. J. E. Kingsbury, Mr. W. H. Patchell, Mr. A. Siemens, 
Mr. J. F. C. Snell, and Mr. A. A. Campbell Swinton, was received by 
the Board. 

It was pointed out in the written communication, and emphasised 
by the deputation, that the Audit Clause in the Bill rendered inter- 
ference with the conduct of an electrical business possible, and enabled 
the auditors of the Board to dictate the commercial policy of the 
business, a power which Parliament never intended to give. It was 
urged that the duties of the auditors should be restricted to seeing 
that the requirements of the Board of Trade were complied with as to 
the proper keeping and presenting of the accounts, and it was recom- 
mended that the clause should apply to local authorities as well as to 
companies. The clause did not receive the sanction of Parliament. 


ELECTRICITY IN MINES. 


At the end of 1909 the Council were informed by the Home Office 
Committee appointed to consider the Rules for the Use and Installation 
of Electricity in Mines that they would be pleased to consider any 
evidence or papers bearing on the subject-matter of their inquiry which 
the Council might wish to submit. By means of notices in the technical 
press it was made known that the Council had the matter under con- 
sideration and invited observations from those interested. A number 
of suggestions were received, which were carefully considered, and 
subsequently a letter embodying the Council’s views and recommenda- 
tions was forwarded to the Committee. Mr. W. H. Patchell also 
attended at the Home Office and gave evidence on behalf of the 
Council. 
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ELECTRICITY IN TEXTILE MILLS. 
A Committee appointed by the Council to report on the question 
of electrical driving in textile mills are at present engaged in collecting 
the data available in collaboration with the Local Sections interested. 


BUILDING FUND. 


The attention of members generally is called to this Fund. The 
Council hope that there will be a large increase in the number of 
contributors, and they wish to point out the importance, in the aggre- 
gate, of even small annual subscriptions. 


BENEVOLENT FUND. 

The Committee of Management report that the Benevolent Fund 
of the Institution shows a satisfactory increase for the past year. On 
December 31, 1909, the capital account of the Fund stood at 
£3,500, as compared with £3,000 at the end of 1908. The donations 
to the Fund in 1909 include one of £25 from the Committee of the 
Electrical Engineers’ Ball. The Council desire to acknowledge their 
indebtedness to the generosity of these and other donors and sub- 
scribers who have supported the Fund. Grants in aid amounting to 
£77 were made during 1909. The accounts for 1909 will be found on 
pages 758 and 759. 

The Wilde Benevolent Trust Fund stands at £1,744 165. One grant 
in aid of £25 was made from the income of the Fund during 1909. 


ANNUAL ACCOUNTS. 

The Report of the Hon. Treasurer, Mr. Robert Hammond, is as 

follows :— ° 

Income and Expenditure.—The balance carried to the General Fund 
at the end of 1909, being excess of income over. expenditure, was 
£3,283 3s. 11d., as compared with £3,253 9s. 3d. for 1908, an increase 
of £29 14s. 8d. In this comparison no account is taken of outlays in 
connection with the acquisition of the Institution Building. 

Balance Sheet.—The balance sheet sets out the total investments 
other than the investments of the Trust Funds. It will be seen that 
the total assets amount to £84,906 17s. 3d., against which are to be set 
liabilities amounting to £29,081 2s. 3d., leaving as the net assets of the 
Institution £55,825 15s. This amount is almost entirely locked up in 
the acquisition of the lease of the Institution Building, in the structural 
alterations, and in the expenses incurred prior to occupation. 

The investments in stocks and shares included in the above appear 
in the accounts at cost price with a book value of— 


£ S. d. 
General Fund ... = EN — ... 3,270 IO І 
Kelvin Lecture Fund... T is к 862 IO IO 
54133 оп 


and their value at the current market prices on April 23, тото, was 
03,750 45. 10d, 
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Trust Funds.—No alteration has taken place in these three Funds 
during the year under consideration. 

Life Comfositions.—This Fund has been increased during the year 
by £31 10s., and stands at £5,613 3s., which amount now figures in the 
accounts as a loan to the Building Fund, the investments of the Fund 
having all been realised. 

Entrance Fees Fund.—An increase is shown of £764 2s. This 
amount, together with the balance of £1,437 6s. 7d. brought forward 
from 1908, has been transferred to the Building Fund. 

Building Fund.—In consequence of the acquisition of the Lease 
of the Institution Building, the constitution of this account differs 
materially from that set out in preceding years. The investments 
have all been realised, and the Fund has been augmented as follows : 
(a) permanently, by transfer of £2,201 8s. 7d. from the Entrance Fees 
Fund, and by revenue from the Tothill Street property, subscriptions, 
donations, dividends, and sundry other items, £1,234 7s. 5d. ; (b) tem- 
porarily by loans, on mortgage from the Economic Life Assurance 
Society £26,000, from Life Compositions Fund £5,613 3s., and from 
General Fund £5,582 55. 11d. This makes a total increase of £40,631 
4s. 11d., and the Fund now stands as follows :— 

£ s. d, 
Cost of the Lease of the Institution Build- | 
ing, including Structural Alterations 
and Expenses during the same, Mort- 
gage Expenses, Loss on Sale of Securi- 


ties ... T" m Eos bas .. 57,124 2 4 
Tothill Street Property sas ies .. 19,260 17 I 


£76,384 19 5 


General Fund.—This Fund has increased to the extent of 
£3,283 3s. 11d. during the past year, and now stands at £10,135 
Ios. 8d. 

Summary.—The increases of the Funds during the year have been 
as follows :— 


& s. d. 

Entrance Fees... ves ji i 26 764 2 о 
Building Fund m us T" .. 1234 7 5 
General Fund ... bs ss — e. 3,283 3 11 
£5,281 13 4 


LIBRARY. 

The Council have now acquired 1,444 out of the 1,623 works which 
were reported to be wanting to complete the Institution’s collection of 
electrotechnical literature. In addition to these, 67 new books have 
been purchased since May 20, 1909, and 220 books and pamphlets 
have been presented by members, publishers, and kindred societies. 
The total number of readers during the past twelve months was 614, 
of whom 39 were non-members. 
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APPENDIX TO REPORT. 


TRANSACTIONS, PROCEEDINGS, ETC., RECEIVED BY THE 
INSTITUTION. 


BRITISH. 


British Association for the Advancement of Science, Reports. 

Cambridge Philosophical Society, Proceedings. 

Chartered Institute of Patent Agents, Transactions. 

Civil and Mechanical Engineers' Society, Transactions. 

Faraday Society, Transactions. 

Greenwich Magnetical and Meteorological Observations. 

Incorporated Institution of Automobile Engineers, Proceedings. 

Illuminating Engineering Society, Transactions. 

Incorporated Municipal Electrical Association, Proceedings. 

Institute of Chemistry, Proceedings. 

Institute of Marine Engineers, Transactions. 

Institute of Metals, Journal. 

Institution of Civil Engineers, Proceedings. 

Institution of Engineers and Shipbuilders in Scotland, Transactions. 

Institution of Mechanical Engineers, Proceedings. 

Institution of Mining and Metallurgy, Transactions and Bulletins. 

Institution of Naval Architects, Transactions. 

Institution of Post Office Electrical Engineers, Papers. 

Iron and Stcel Institute, Journal. 

Liverpool Corporation Tramways, Annual Reports. 

Liverpool Engineering Society, Proceedings. 

Manchester Literary and Philosophical Society, Memoirs and Proceedings. 

Manchester School of Technology, Journal. 

National Physical Laboratory Reports, and Collected Researches. 

North-East Coast Institution of Engineers and Shipbuilders, Transactions. 

North of England Institute of Mining and Mechanical Engineers, 
Transactions. 

Physical Society, Proceedings. 

Róntgen Society, Journal. 

Royal Dublin Society, Scientific and Economic Proceedings. 

Royal Engineers' Institute, Proceedings. 

Royal Institution, Proceedings. 

Royal Meteorological Society, Quarterly Journal. 

Royal Scottish Society of Arts, Transactions and Journal. 

Royal Society, Philosophical Transactions and Proceedings. 

Royal Society of Arts, Journal. 

Royal Society of Edinburgh, Transactions and Proceedings. 
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Royal United Service Institution, Journal. 

Society of Chemical Industry, Journal. 

Society of Engineers, Proceedings. 

Surveyors' Institution, Transactions and Professional Notes. 
Tramways and Light Railways' Association, Official Circular. 


COLONIAL. 


Canadian Society of Civil Engineers, Transactions. 
Engineering Association of New South Wales, Proceedings. 
Engineering Society of Toronto, Transactions. 

Indian Telegraph Department, Administration Reports. 

Nova Scotia Institute of Science, Transactions and Proceedings. 
Royal Society of Queensland, Proceedings. 

Royal Society of Victoria, Proceedings. 

South Australia, Meteorological Observation Reports. 

Sydney University of Engineering, Proceedings. 


AMERICAN. 


American Academy of Arts and Sciences, Proceedings. 

American Institute of Electrical Engineers, Transactions and Proceedings. 

American Electrochemical Society, Transactions. 

American Institute of Mining Engineers, Transactions and Bi-Monthly 
Bulletin. 

American Philosophical Society, Proceedings. 

American Society of Civil Engineers, Proceedings. 

American Society of Mechanical Engineers, Transactions and Pro- 
ceedings. 

Bureau of Standards, Washington, Bulletin. 

Engineers' Club of Philadelphia, Proceedings. 

Franklin Institute, Journal. 

Illuminating Engineering Society, N. S. Transactions. 

Ordnance Department of the United States, Notes. 

Philadelphia Electrical Bureau, Annual Reports. 

Smithsonian Institution, Reports. 

U.S. Official Patent Gazette. 

Western Society of Engineers, Journal. 


AUSTRIAN. 


Kaiserliche Akademie der Wissenschaften, Wien, Sitzungsberichte. 
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Association des Ingénieurs Électriciens sortis de l'Institut Electro- 


technique Montefiore, Bulletin. 
Société Belge d'Électriciens, Bulletin. 


DUTCH. 


Koninklijk Institut van Ingenieurs, Tijdschrift. 


Koninklijke Akademie van Wetenschappen, Amsterdam, Proceedings. 


FRENCH. 


Académie des Sciences, Comptes Rendus Hebdomadaires des Séances. 


Bureau des Longitudes, Annuaire. 


Société des Anciens Éléves des Ecoles Nationales d'Arts et Metiers 


Bulletin Technologique. 
Société des Ingénieurs Civils, Mémoires. 
Société Frangaise de Physique, Bulletin des Séances. 
Société Internationale des Électriciens, Bulletin. 
Société Scientifique Industrielle de Marseille, Bulletin. 


GERMAN. 


Physikalische Technische Reichsanstalt, Abhandlungen. 
Schiffbautechnische Gesellschaft, Jahrbuch. 

Verein Deutscher Ingenieure, Zeitschrift. 

Verein zur Befórderung des Gewerbfleisses, Verhandlungen. 


ITALIAN. 


Associazione Elettrotecnica Italiana, Atti. . 
Reale Accademia dei Lincei, Atti e Memorie. 


SWEDISH. 


K. Svenska Vetenskaps-Akademien, Arkiv fór Matematik, etc. 


SWISS. 


Association Suisse des Electriciens, Annuaire, et Bulletin. 
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LIST OF PERIODICALS RECEIVED BY THE INSTITUTION. 


BRITISH. 
Aero. 


Automobile Owner. 

Cassier's Magazine. 

Central. 

Colliery Guardian. 

Electrical Bulletin. 

Electrical Engineer. 

Electrical Engineering. 

Electrical Field. 

Electrical Industries. 

Electrical Magazine. 

Electrical Review. 

Electrical Times. 

Electrician. 

Electricity. 

Electron. 

Engineer. 

Engineering. 

Engineering Magazine. 
Engineering Review. 

English Mechanic. 

Illuminating Engineer. 

Illustrated Official Journal, Patents. 
International Marine Engineering. 
Iron and Coal Trades Review. 
Light Railway and Tramway Journal. 
Mechanical Engineer. 

Mining Journal. 

National Telephone Journal. 
Nature. - 

Page's Weekly. 

Philosophical Magazine. 

Post Office Electrical Engineers' Journal. 
Railway News. 

Railway Times. 

Royal Engineers' Journal. 
Scientific Monthly. 

Tramway and Railway World. 
Vulcan. 


COLONIAL.. 
Australian Mining Standard. 
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Australian Official Journal of Patents. 
Canadian Machinery. 


AMERICAN. 


American Journal of Science. 

Electric Journal. 

Electric Railway Journal. 

Electrical Review and Western Electrician. 
Electrical World. 

Engineering News. 

India Rubber World. 

Journal of the Telegraph. 

Metallurgical and Chemical Engineering. 
Physical Review. 

Scientific American. 

Telephony. 

Terrestrial Magnetism and Atmospherical Electricity. 


AUSTRIAN. 
Elektrotechnik und Maschinenbau. 


DANISH. 
Teknisk Tidsskrift. 

DUTCH. ; 
De Ingenieur. 


FRENCH. Ж 


Archives des Sciences Physiques et Naturelles. 
Électricien. 

Houille Blanche. 

Industrie Électrique. 

Journal de Physique. 

Journal Télégraphique. 

Lumiére Électrique. 

Mois Scientifique et Industriel. 

Portefeuille Économique des Machines. 

Revue Électrique. 


GERMAN. 


Annalen der Elektrotechnik. 
Annalen der Physik. 
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Annalen der Physik, Beiblatter. 
Elektrische Kraftbetriebe und Bahnen. 
Elektrotechnische und Polytechnische Rundschau. 
Elektrotechnische Zeitschrift. 
Elektrotechnischer Anzeiger. 
Fortschritte der Elektrotechnik. 
Gliickauf. 
Jahrbuch der Elektrochemie. 
Physikalische Zeitschrift. 
Zeitschrift für Elektrochemic. 
. Zeitschrift für Instrumentenkunde, 


ITALIAN. 
L’ Elettricista. 
L'Elettricita. 
Giornale del Genio Civile. 
Il Nuovo Cimento. 

SPANISH. 
La Ingenieria. 
Revista Electro-Industrial. 

SWISS. 


Schweizerische Elektrotechnische Zeitschrift. 
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The Institution of 


STATEMENT OF INCOME AND 


ENDED 31st 
Br. 
EXPENDITURE. 
£ sd £ sd. 
To MANAGEMENT :— 
Salaries ... wf T side z .. III I4 O 
Accountants’ Fees eae — SEN 21 0 O 
Printing, Stationery, and Addressing .. 515 5 5 
Postage ... ie Е as T .. 827 6 9 
Telephone TE К S54 i 2, 28 4 2 
Travelling Expenses ... is Ж .. 18211 5 
486 I 9 
» RENT, INSURANCE, LIGHTING, AND FIRING 
(at 92, Victoria Street) sis aip ы 725 10 8 
» SINKING FUND PREMIUM... wat К die 183 6 8 
» PUBLICATIONS :— 
Journal ... кез ae zis .. 1,540 I5 2 
* Science Abstracts " 
Disbursements... £1,820 5 8 
Less Receipts oes 4s 1,310 I2 2 
—— 500 13 6 
i —— 2,041 8 8 
» MEETINGS :— 
Advance Proofs, Refreshments, etc. ... sv 57-17 3 
Reporting ee РТ ids хы ove 55 I3 О 
——————— 213 IO 3 
„ LOCAL SECTIONS ... | ... seis bon € — .. 578 17 7 
„ PREMIUMS ... P э Ses .. 127 6 9 
„ BRITISH ELECTROTECHNICAL COMMITTEE 255 at .. 244 10 6 
„ CONVERSAZIONE  ... — iss Rx 255 BA .. 242 14 6 
» ANNUAL DINNER ... з к ens sie T s 60 I9 3 
„ DEPRECIATION :— 
Library (10 %) ... in she T .. 168 18 3 
Furniture (5 %) ... ТР е dss ea 20 I3 4 
; — 189 7 
‚ MISCELLANEOUS EXPENSES gs m ane .. I40 17 4 
» BALANCE carried to General Fund se iei T" .. 3,283 3 II 


£11,517 19 5 
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Electrical Engineers. 


EXPENDITURE FOR THE YEAR 
DECEMBER, 1909. 


Gr. 
INCOME. 
£ 5. d 4 s d. 
By SUBSCRIPTIONS  .. uu a Ja alg ... 10,558 о 6 
„ DIVIDENDS ON INVESTMENTS: — 
Life Compositions Fund sis P . £144 13 9 
General and Entrance Fees Funds ... .. I09 18 4 
| 254 12 I 
» INTEREST  ... m" e" ipi Р РЯ bg КЕ 6 2 9 
» JOURNAL :— 
Sales es dus m T PO -. 209 I3 IO 
Advertisements ... T id —- .. 472 0 0 
سس‎ 681 13 IO 
» WIRING RULES ae А, ie 10 6 8 
» MODEL GENERAL CONDITIONS FOR CONTRACTS 24 ۴ 7 3 7 
£11,517 I9 5 


peuar] 
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Ar. 
LIABILITIES. 
s. d. s. d. 
To SALOMONS SCHOLARSHIP TRUST FUND (Income) ... € 18 16 4 
» DAVID HUGHES SCHOLARSHIP TRUST FUND :— 
Capital uninvested ES ie I 5 0 
Income Sis si ae wie ius 36 7 6 
| 37 12 6 
» WILDE BENEVOLENT TRUST FUND (Income)... ie .. IO5 II 8 
» LIFE COMPOSITIONS FUND a S js T ... 5,613 3 о 
„ BUILDING FUND .. ids m sii NO i .. 39,189 то 6 
» KELVIN LECTURE FUND :— 
Capital ati ais vis 7 .. 862 то IO 
Income sus © s » Де 25 оо 
— 887 IO ro 
„ SUNDRY CREDITORS si T СЕ € E ... 2,550 19 8 
» ECONOMIC LIFE ASSURANCE SOCIETY ... sits i ... 26,000 о о 
„ RESERVE FOR REDEMPTION OF COST OF BUILDING .. 183 6 8 
» LOCAL SECTIONS :— 
Due to Hon. Sec. Birmingham Section ... Ре а IO 5 5 
» SUBSCRIPTIONS RECEIVED IN ADVANCE Me 2h m 75 о 0 
„ FOREIGN VISIT FUND  ... ves is iud Xm T 39 IO O 
» GENERAL FUND >... ves S ids qs e ... 10,135 10 8 
ROBERT HAMMOND, 
Honorary Treasurer. 
P. F, ROWELL, 
Secrctary. 
£94,906 17 3 


BALANCE SHEET, 


We beg to report that we have audited the Balance Sheet of the Institu- 
together with the annexed Statements of Account. We have obtained all the 
Bankers' Certificates of Investments and the Title Deeds of the Tothill 
Sheet is properly drawn up so as to exhibit a trve and correct view of the 
and the explanations given to us and as shown by the books of the 


ALLEN, BIGGS & CO., 
Chartered Accountants, 


I47, LEADENHALL STREET, E.C. 


April 20, тото, 
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3151 DECEMBER, 1909. 


Gr. 
ASSETS. 
£ sd. 5 sd. 
By GENERAL FUND INVESTMENTS (at cost) ... .. 3,270 IO I 
» KELVIN LECTURE FUND INVESTMENTS sf is .. $62 то IO 
» LOTHILL STREET BUILDINGS AND SITE К ко ... 19,260 17 І 
» INSTITUTION BUILDING AND LEASE  ... - sis ... 57,124 2 4 
» SUNDRY DEBTORS ... ie saa RS ids m .. 1,308 8 2 
» LOCAL SECTIONS :— 

Cash in hands of Hon. Sec. Dublin Section 9 I9 9 

do. do. do. Glasgow do. I5 5 2 

do. do. do. Manchester do. 8.0 3 

do. do. do. Newcastle do. 9 16 8 

do. do. do. Yorkshire do. 9 15 6 
— 52 15 4 
» LIBRARY $63 sd jas ins Фу — Has ... 1,520 4 I 
» VELLUM DIPLOMA FORMS ee des e "T bas 2.5 9 
„ FURNITURE - c а: эз a "- . 392 13 6 
» SINKING FUND, Premium Paid ... 5 sah 183 6 8 

» CASH :—At Bankers’ sis ET ie .. 596 17 2 

Petty Cash = Gi -— x 76 14 7 

P.O. Savings Bank (Wilde Benevolent 

Trust Fund Income) is .. 106511 8 
ree — 839 3 5 
£84,906 17 3 


tion of Electrical Engineers, dated 31st December, 1909, and above set forth, 
information and explanations we have required. We have inspected the 
Street Property. In our opinion the Statements are correct, and the Balance 
state of the Institution's affairs according to the best of our information 
Institution. 


H. ALABASTER, 


H auditors, 
SIDNEY Ed ла eee 
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Br. 


GENERAL 


£ sd £ s.d. 


To Excesses of Income over Expenditure to Dec. 31, 1908 «+ 33,352 8 ІІ 


Add Excess of Income over Expenditure for 1909  ... .. 3,283 3 ІІ 
36,635 12 IO 
Less Transfers (as per last Account) :— 
To Building Fund Se 2 s ... 25,037 II 4 
To Kelvin Lecture Fund oe x" .. 862 Іо Іо 


26,500 2 2 


£10,135 10 8 


749" 
FUND. 
бт. 


Lsd £sd 


By Investments (at cost) :— 
£623 Great Western Railway 5% Preference 


Stock ... we 999 18 I 
$2,600 Natal Zululand Railways 3% ееп. 
tures... eec «d . 2,270 12 О 
3,270 IO І 
„ Balance made up as follows :— 
ASSETS. 
Sundry Debtors ... in 1,398 8 2 
Cash in Hand ect X 891 18 9 
Furniture... sss us 302 13 6 
Library dvi e 1,520 4 I 
Vellum Diploma Forms ds 2 5 9 
Sinking Fund ... 183 6 8 
Due from Building Fund... 5,582 5 II 
———— 09,971 2 IO 
LIABILITIES. т 
Uninvested Balances of Special 
Funds ... vss sss 286 то 6 
Sundry Creditors ... ' ... 2,501 5 I 
Subscriptions in Advance 75 оо 
Reserve for Redemption 
of Cost of Building |... 183 6 8 
| 3,106 2 3 


6,865 0 7 


£10,135 10 8 
[eee ee IG. 


VoL. 45. 49 
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| Br. 


BUILDING 


~:f£ s d. £ s.d. 


To Amount (as per last Account)... E m ... 35,753 14 Ө 
» is transferred.from: Entrance Rees Fund Le .. 2,201 8 7 
„ Dividends on Investments -> . ... m yis wet . 392 14 О 

, Revenue from Tothill Street Property ·. icu “бушу” eu. O08 79, 77 
^, Subscription’ апа Dónations swe ee ae we fies a. IJI I3 2 

» Surplus from Vellum Diplomas ... mee fuss so See, on та S 
39,189 Io 6 


« Balance made up as follows: — Т 
Mortgage from Economic Life Assurance . | 
Society Ves ads esc aee-26,000.. 0 0 


Due to Life Compositions Fund ET . 5613 3 о 


Due to General Fund ... ae 9. и 5 II 
и II ——— 37,195 8 11 


маг نات‎ 


me e oov oro es 


£76.384 19 5 


By Tothill Street Buildings and Site ®© it 505- 
| (as per last Account)... wee ies jus ERE ... 19,260 17 I 
» Institution Building and Lease :— | 
(a) Outlays thereon :— 
Purchase Money ... ... 50,000 о о 
Р Expenses .. 54419 O 
Structural Alterations to 
December 31, 1909 ... 3,454 9 3 
——— 53,999 8 3 


(b) Expenses during Structural 
AMerations :— 
Ground Rent n: .. 1,239 II 6 
Rates and Taxes ... .. 589 3 I 
Repairs...  ..  .. | 415 O 
Insurance .. ^...  .. 7310 O0 | ^ ^ "^ ^ 
Mortgage Interest ... .. 644 16 9 


2,551 16 4 
Less Rent from Tenants ... 1,786 ото 
— 765 6 6 
(c) Mortgage Expenses ... T Les .. 443 10 6 
(d) Loss on Sale of Securities ... iss ... 1,919 I7 I 
57,124 2 4 


£76,384 19 5 


152 
LIFE COMPOSITIONS 


Br 
| £ s d. 
To Amount (as per last Account)... wee К ids we 5,581 I3 О 
» Life Composition received in 1909, T € es гїн 3I 10 о 
£5,613 3 о 
pees 
ف ي پڪ س‎ 
ENTRANCE FEES 

Br. 
a 
| & s.d. 
To Entrance Fees from 1902 to 1908— i 
(As per last Account) ji sks a 225 25 .. 5,156 19 6 
, Entrance Fees received in 1909 ... Е P 5 e 764 2 © 
£5,921 1 © 
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FUND. 
Gr. 
4 s. d. 
By Balance (due from Building Fund) ... -— oa .. 5,613 3 о 
£5,613 3 о 
FUND. 
| бт. 
£ s.d 
By Building Fund :— 
Amounts transferred (as per last Account) ... 7 ws 3,719 I2 II 
Amount transferred in 1909... b» è sige .. 2,201 8 7 


65,921 I 6 


154 


KELVIN LECTURE 
Ar. 


mM ce тр аре eee тъз эс - 


£ s.d. 
To Amount (as perdue шу Cocco 9 0 ee 862 10 TO 
„ Dividends... iis T Р sia кз 25 О © 


КЕ, £887 10 10 


LIBRARY. 
Xir. 


(cav c c Ro m —— + 9+ n mac +. с mL me A mA و‎ 


To Amount (as per Balance e Sheet) . wat or кз .. 1520 4 I 


RP وس‎ 


£1,520 4 I 


A55 


aieo T d. 


61,000 24% Consolidated Stock... — € in .. 862 Іо Іо 
` p- Balance-Uninvested ves d bee iss ‘es es 25 0 0 


By Investment (at cost) :— 


E 90 TAMEN pe | wo DHL USUS PT WI EP LU SISTI UU A a $887. 10-10 


LIBRARY. 2 
pes Es : бт. 


By Outlays on Books, Pictures, etc., to December 31, 1908 20. 2377 2 2 
Less Provision for Depreciation (1901-8) сав г» . 819 7 3 


Аз рег last Balance Sheet B ee HH 1,557 I4 II 
» Expenditure on Books and Binding in 1909 ... € te I31 75 


1689 2 4 
... Less. 10% Depreciation for 1909 ... és s E .. 168 18 3 
$1520 4 I 


756 
SALOMONS SCHOLARSHIP 


Br. m | 
| | 4 s.d. 
‘To Amount (as per last Account) T эр СА .. 2,126 19 3 
$2,126 19 3 
SALOMONS SCHOLARSHIP 
Br. 
4 s.d. 
To Amount paid to Scholars in 1909... aes T т ava 75 0 0 
„ Balance carried to Balance Sheet сда bud кер ses I8 16 4 
£93 16 4 
DAVID HUGHES SCHOLARSHIP 
Br. ° 
£ s.d. 
To Amount (as per last Account)... 6s T — .. 2,000 0 О 


£2,000 о о 


DAVID HUGHES SCHOLARSHIP 
3r. 


65 S. d. 
To Amount paid to Scholars in 1909... к — ids т 50 о O 
» Balance carried to Balance Sheet 5 ies уз $33 36 7 Ө: 


£86 7 6 
Se 


WILDE BENEVOLENT 


9. 
| sd | £ S. d. 
: To Amount (as per last Account) — ... re T in .. 1,744 16 о 
£1,744 16 о 
qua eee 
WILDE BENEVOLENT 
Br. 
£ s. d. 
To Grant made in 1909 .. wee T -— vds œ. 25 О О 
, Balance carried to Balance Sheet ids -— dde .. 165 II 8 
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TRUST FUND. 


By Investments (at cost) :— 
$1,500 New South Wales 34 96 Stock s - .. 1,556 5 9 
£500 Саре of Good Hope 34 % Stock ... ... ~a. 57013 6 


£2,126 19 3 
TRUST FUND (Income). 
Gr. 
£ s.d. 
By Balance (as per last Account)  ... ar a sine -— 23 19 2 
» Dividends received in 1909 TT fag zs - . 6917 2 
£93 16 4 
TRUST FUND. 
бт. 
Á s.d. 
By Tenai (at cos) :— 42,045 Staines Reservoirs 3 % 
Guaranteed Debenture Stock ies к б .. 1,998 15 О 
„ Balance carried to Balance Sheet pus sia " ‘oie I 5 0 


£2,000 о о 


TRUST FUND (Income). 


Gr. 
£ s d. 
By Balance (as per last Account) ... ase aa - € 25 0 7 
» Dividends received in 1909 see si T S s ÓI бип 
Ё ` £86 7 6 
TRUST FUND. 
бт. 
£ s.d. 
By Investments (at cost):— 
£875 Great Eastern Railway Metropolitan 5 % Guaran- 
teed Stock... sn 4 1,493 16 3 
£215 North Eastern Railway 4% Guaranteed Stock  .. 250 19 9 
£1,744 16 O 
TRUST FUND (Income). 
Cr. 
| s. d. 
By Balance (as perlast Account) ... oe €— бз e. 134 15 4 
» Dividends received in 1909 ева гая dis T€ Jus 52 7 о 
„ Interest do. do. bos Sie з T sae 3 9 4 


- 
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co e t -Jmtitutim of 


заля Statement of Accounts 


Br. CAPITAL 


а AK Cae tum Wu. و‎ ЛАР کی‎ CE к TNAM N Me, d ER m mt | £. S. d. 
To Balance as per last Account es C^ ww we am 3,000; О 0: 


5 тапш Hom Income -————————— —— — 900-0 © 


` £300 о о 
Bn i. 077 7  ^- INCOME AND 


Н 


"n ZE э, T ee jg. S3. 4 s. d. 
To Balance as per last Account Ber жо WA = ux 1524: 23/9 
» Dividends on Investments.. СЕ т je e 10117 4 
» Interest on Deposit... - a2 Jes жє Ga аг эк TO wb 
» Donations under "a is e T ds Е "T 2 615 6 
„ Donations of £5 and over... — .. me a  .. 4 42 6 6 
E Annual Subscriptions P de Lus id bs . 105 I © 
TE | |. £784 0 5 
ERR [ro 
ж... BALANCE. 
EE £s d. 

To Capital ate js d Е dis a ... 3,500 о © 


. » Income and Expenditure Account о "ue. we 3203 15 LE 


emm n on ne c m coc K3,793 I5 II 


1 


We have exaluined the. above: Accounts with the Receipt Book, мав Book, 
and we find. them to. be correct.. | = 


April 19, тото. 
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Electrical Engineers. ЕЁ E e 
to. December 31, 1909. pu ice wd 


Set ht COMETA ARCEM a 
By Balance carried és Balance Sheet viz.:— 
-.Investments— .. . i s 

£961 7s. 7d. Cape of Good Hope 3% Stock . e. e. 950 о 0 

i £593. 1s..7d. New South Wales 3% Stock. M erue e. 000.0 о 

£420 Great Eastern Railway 4 96 Pref. Stock.. 2m -.. 503 18 3 
;.: £600 North Staffordshire Railway 3 95 Deb. Stock : a> 581 0 9 

E East Indian dei 3% Deb. Stock ... _.._ e. 73718 o 

Cash .. Ө, з fe ets ЕТ . a 157 3 О 
Psi | £35000 9 
EXPENDITURE ACCOUNT. dr. 
‘By Grants A DET iss ds sas 248 77 O oO 
^, Postages, Printing, &c. sss se Pass Ba, Сн. aes 3 4 6 
- » Transfer to Capital... sii zi СИМИ . 500 0 о 
©, Balance carried to Balance Sheet, viz. :— . | 
". .Cash. ыб Su. x PME. 3 yo аде esos ес 203 IS II 
| £784 0 5 
SHEET. s Oe, 
By Investments (Capital Account)— | ME 8. 


а 
£961 75. 7d. Cape of Good Hope 3 % Stock .. e 9580 о O 
£593 1s. 7d. New South Wales 395 Stock Ж e o боо о о 
£420 Great Eastern Railway 4 % Pref. Stock se aw. 503 18 3 

| £600 North Staffordshire Railway 3% Deb. Stock ... `.. 551 O 9 

- £750 East Indian Railway 34% Deb. Stock |... e 5e 73718 О 

o 


> 7 3,342 17 
^" At Bankers’ der o Ext vue ue .. £358 16 5 
Petty Cash ... € EC "T "m " Pa uM i 
JESUM EM | —— . 360 18 її 


£3,703 15 II 
a 


| Bankers' Pass Book, and Vouchers, also Bankers' Certificate of Investments, 


She ue ue Pos H. ALABASTER, 


ON ee ае me es | . SIDNEY SHARP, | Honorary Auditors. А 
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The CHAIRMAN: There is one matter not mentioned in the report 
to which I should like to refer, and that is the Museum. I should like 
to see members coming forward with anything they wish to present to 
our Museum, because in our new premises we shall have plenty of room 
to accommodate those articles. 

Mr. Hammond informs me that he would rather deal with the 
financial part of the report on the motion for the adoption of the 
accounts, and I will therefore now simply formally move the adoption 
of the report of the Council; if any members present have any 
observations to make on the report we shall be very glad to hear 
them after the motion has been seconded. 

Mr. R. K. Gray: I have very much pleasure in seconding the 
motion. | 

The CHAIRMAN : If no member has any remark to make I will put 
the motion : “That the report of the Council be received and adopted; Е 

The resolution was put and carried unanimously. 

The CHAIRMAN, having read the Auditors’ Certificate, called upon 
Mr. Hammond to present the Financial Statement for the year 1909. 

Mr. RoBERT HAMMOND: It gives me much pleasure to move: 
“That the Statement of Accounts and Balance Sheet for the year 
ended December 31, 1909, as presented, be received and adopted." I 
should like to draw your attention to one or two points in the Accounts. 
In the first place you will, I am sure, be glad to see that in spite of 
hard times we have actually carried forward a profit, if I may so term 
it, of £3,283 3s. 11d. You will notice that on one side of the Balance 
Sheet it is stated that our assets amount to £84,906, while on the other 
side, among the liabilities, there are some items which represent debts, 
and others which represent accumulations that are not debts. Deduct- 
ing the actual debts, including the recent mortgage of £26,000 from the 
assets, we have to the good the sum of £55,825; so that if from any 
cause this Institution had to realise its property it would have £55,825 
in hand. Among the assets I will draw your attention to one amount 
which stands out, namely, the building and the lease. Of course the 
£55,825 does not exist in the form of banknotes, as it is almost entirely 
locked up in our new Institution building. I wish also to draw your 
attention to the Sinking Fund premium paid, £183 6s. 8d., which comes 
into the Accounts as a reserve for the redemption of the cost of the 
building. The Council felt that in purchasing the lease of a building, 
which lease would expire in about seventy-five years, it was their duty 
to provide an annual sum by means of which the £50,000 that was paid 
for the lease would be entirely wiped off. Of course it may be said 
that as we have so much to the good there is no need to do so, but the 
Council took a prudent view of the matter and took out in an Insurance 
Company a Sinking Fund policy by which the payment of an annual 
premium of £183 6s. 8d. for seventy-five years ensures at the end of 
that period a sum of £50,000, the amount paid for the lease of the 
building. When the lease falls in we shall be in identically the same 
position financially as we were on the day when we handed over to the 
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Medical Colleges £50,000 to cover the purchase. We, however, have 
passed a resolution to increase that £450,000 provision by making pro- 
vision for a further sum of £25,000, so that the total amount which we 
shall receive at the end of the period will be £75,000. This will not 
only cover the cost of the lease, but also any expenditure that in the 
meantime we may make upon the building. I also draw your attention 
to the item of £26,000 received from the Economic Life Assurance 
Society. We made a favourable arrangement with that Society for 
this loan, and we have also arranged with regard to it to pay out of 
revenue annually a sum which will redeem the loan entirely at the end 
of twenty-five years. Our investments have had a rude shock in con- 
sequence of the necessary realisations for purchasing the lease of the 
Institution building, and are now reduced to the modest amount of 
£4,133, £862: of which is allocated to the Kelvin Lecture Fund. The 
General Fund now stands at a credit amount of £10,135. The Build- 
ing Fund stands at £76,384, a very large increase upon the amount at 
which it stood twelve months ago. It has been increased during the 
year by a transfer from the Entrance Fees Fund of £2,201, also by 
subscriptions, dividends on investments, and revenue from the Tothill 
Street property amounting to £1,234; and we have also included the 
mortgage and the Life Compositions Fund, as we have borrowed the 
£5,013 standing to its credit—I trust only temporarily—and we have 
also borrowed from the General Fund £5,582. These amounts have 
been borrowed from these funds with the idea that very shortly dona- 
tions to the Building Fund may enable us to pay ourselves back. It 
gives me much pleasure to move the resolution which stands in my 
name, 

Mr. R. K. GRAY : I have much pleasures in seconding the resolution 
for the adoption of the Accounts. Mr. Hammond has, as he always 
does, given such a clear statement with regard to the Accounts that I 
need not add anything, but I would like to take this opportunity to tell 
you all that the Institution is very much indebted indeed to Mr. 
Hammond for the large amount of hard work he puts into looking 
after our interests. I can assure you, as Chairman of the Finance 
Committee, that the position of Honorary Treasurer of the Institution 
of Electrical Engineers, especially for the last year or two, has not been 
at alla sinecure, I formally second the Accounts, and I am sure that 
you quite agree with all the remarks I have made with regard to our 
friend, Mr. Hammond. 

The CHAIRMAN: The resolution has been duly proposed and 
seconded. I will now ask if any members have any observation to 
make or any questions to ask. The Accounts are open for discussion, 

If there are no observations or remarks, I will put the motion : “ That 
the Statement of Accounts presented by the Honorary Treasurer be 
received and adopted." 

The resolution.was put, and carried unanimously. 

Mr. W. M. MoRDEY : I am very glad it falls to my lot to-night to 
move a resolution of our thanks to the two institutions to which we 
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owe so much for their hospitality and kindness—the Institution of 
Civil Engineers and the Royal Society of Arts. It will seem strange 
to us at our annual meetings when we no longer have to express our, 
thanks for the. hospitality which for thirty-eight years has been 
extended to us by the Institution of Civil Engineers, but I am sure that 
any feeling we have to-night of gratitude to the Institution of Civil 
Engineers will have in it no savour at all of relief. We have never felt, 
in proposing this vote of thanks to the Institution of Civil Engineers 
for their kindness to us in giving üs the use of their hall, that they in 
any way grudged what they had done for us. In going into our own 
building, we can only hope that we, in our turn, may be able to do 
something in the same broad-spirited manner to foster other engineer- 
ing and scientific interests that may need support. We have had 
to-night another example of the many things for which. we have to 
thank the Institution of Civil Engineers. You, Sir, have referred 
to our adoption of the regulations as to professional conduct that have 
recently been issued by that institution, and have, in fact, been 
incorporated in its constitution. When the Council considered 
the matter, it was found that the Institution of Civil Engineers had 
done the work so well that we could not improve on their rules, 
which, by permission, were therefore adopted in their entirety. I am 
sure you will all agree with me when I say that there was a very great 
deal to be said in favour of our taking that course and so working in 
parallel on that important subject of professional conduct with the 
parent institution. I now beg formally to move : * That the best thanks 
of the Institution be, and are hereby accorded, to the Council of the 
Institution of Civil Engineers and to the Council of the Royal Society 
of Arts for the great courtesy extended to the Institution in placing 
their rooms at its disposal for the holding of its general meetings." 
Although we are all very glad indeed to have our own home, I am 
sure we shall all experience a feeling of regret in realising that this is 
the last time that we shall have the pleasure of passing this resolution. 

Mr. W. R. CooPER: I have much pleasure in seconding that 
resolution. | | 

The resolution was then put and carried unanimously. 

Major W. A. J. О'МЕАЕА, C.M.G.: There are a certain number of 
active members of this Institution who devote a considerable amount 
of their time to the promotion of our best interests, and, I think, help 
Mr. Hammond in presenting such a favourable report, because they 
collect funds for us in foreign countries. I therefore have much 
pleasure in proposing: “That the best thanks of the Institution are 
given to the Local Honorary Secretaries and Treasurers abroad for 
their kind services during the past year.” - m 
- . Mr. Н. M. Sayers: I have much pleasure in seconding this motion. 
Those of us who have lived abroad know the tendency there is to feel 
isolated and out in the world, out of touch with one's fellow members ; 
and to have these personal nuclei as Secretaries and Treasurers, if they 
are only within mail reach, is a very great help towards keeping up the 
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feeling of camaraderie and comradeship that should exist ` Pee? 
us all. a | | 
- The resolution was put and carried with acclamation. X 

Mr. J. F. C. SNELL: After the remarks: which : have fallen from: 
Mr. Gray, with which you have already shown your entire sympathy, 
it is only necessary for me .to propose this resolution in very brief: 
terms, because I am sure you will pass it with acclamation: “ That 
the best thanks of the Institution be given to Mr. Robert Hammond in 
recognition of the valuable services rendered by him as Honorary: 
Treasurer of the Institution during the past session.” 

Mr. J. T. Morris: I have much pleasure in. seconding the. resolu- 
tion. Those of us who have acted as honorary treasurers to various 
societies know what an amount of time: has to be devoted to such work, 
and in an institution of this magnitude. the work must be very large 
indeed. I have very much pleasure in seconding the HOOP | 
. The resolution was carried by acclamation. 

Mr. R. HAMMOND: Mr. Chairman and Gentlemen, 1 need hardly. 
say that it gives me very great pleasure to acknowledge the very kind 
way in which my services appear to be appreciated. I am’ very 
gratified indeed to find on the part of the members of the Institution 
such an appreciation of the little work which I am able to do. 

Mr. Н. Human: We have heard a good deal about money this 
evening, and you will have gathered from the report that we have 
been expending a good deal lately, and in the right direction. Con- 
sequently our accounts are swollen, and that means that the labours 
of our honorary auditors have grown proportionately, and I feel sure 
that you will accord them a very hearty vote of thanks for the services 
they have rendered to us. Let me remind you that those services are 
very responsible, and that they are carried out in a most conscientious 
manner. I have therefore great pleasure in moving : “That the best. 
thanks of the Institution be accorded:to the Honorary Auditors, Mr. 
Sidney Sharp and Mr. H. Alabaster, for their kind services during the 
past year.’ 

Mr. W. B. EssoN: I TEN great pleasure in seconding the 
resolution. | MED 

The resolution was put and carried unanimously. 

Mr. S. Z. DE FERRANTI: I have much pleasure in proposing: 
“That the best thanks of the Institution be tendered to Messrs. 
Bristows, Cooke and Carpmael for their kind services in their capacity 
of Honorary Solicitors to the Institution during the past year." 

Mr. F. POOLEY : I have much pleasure in,'seconding the resolution. 

The resolution was put and carried unanimously. 

Mr. J. W. SPARSHATT : As representing Messrs. Bristows, Cooke and 
Carpmael I thank you very much for the vote of thanks which you 
have passed to the firm. It is always a pleasure to all of us in the firm 
to do any work for the Institution, and so far as the officers of the 
Institution are concerned I know it is appreciated, and we get all the 
help possible from them. . 
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The CHAIRMAN: I have to report with regard to the Offices of 
. President, Vice-President, Associate Members of Council, Honorary 
Treasurer and Honorary Auditor, that no nominations having been 
received for these offices other than those announced at the Ordi- 
nary General Meeting of April 21, тото, the Council's nominees are 
in accordance with Article 45 of the Articles of Association duly 
elected to their respective offices. 
The scrutineers have not yet counted all the ballot papers, and I 
am therefore unable to announce yet the result of the ballot for the 

election of Members of Council. | 

I suggest, therefore, to save time that we adjourn the Annual 
General Meeting now, that we take the Special General Meeting of the 
Institution, and that we resume the business of the Annual General 
Meeting when we have the report of the scrutineers of the ballot 
before us. 

The motion having been agreed to, the meeting was adjourned, and 
resumed after an interval of 15 minutes. 

The CHAIRMAN: I have been handed by the Scrutineers the 
following Report of the result of the voting for the election of five 
Members of Council :— 


P. V. McMahon se ..  .. .. 854 votes. 
S. L. Pearce € mee ro ace, 28525 н 
Н. Dickinson T io: E ie 846 رو‎ 
R. K. Morcom kis sa See seg. 2642: y 
H. Faraday Proctor... or 8 e. 696 رر‎ 
J. E. Kingsbury ii з sss es 439 y 


I accordingly declare Messrs. Dickinson, McMahon, Morcom, 
Pearce, and Proctor to be the five elected Members of the 
Council. 

The following will therefore constitute the Council for the Session 
IQIO-II:— 

President. 


S. Z. DE FERRANTI. 


Vice-Presidents. 


W. DUDDELL, F.R.S. . W. Н. PATCHELL. 
S. EVERSHED. | J. Н. RIDER. 
| Members of Council. 
W. W. Cook. Major W. A. J. O'MEaRA, 
H. DICKINSON. C.M.G. 
G. K. B. ELPHINSTONE. S. L. PEARCE. 
W. JUDD. Н. FARADAY PROCTOR. 
P. V. MCMAHON. j. F. C. SNELL. 
T. MATHER, F.R.S. G. STONEY, B.A. 
R. К. Morcom. C. Н. WORDINGHAM. 


W. M. MORRISON. | A. H. WALTON. 
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Associate Members of Council. 


E. RUSSELL CLARKE. | S. MORSE. 
| J. E. TAYLOR. 


Honorary Treasurer. 
ROBERT HAMMOND. 


Honorary Auditors. 
H. ALABASTER. | SIDNEY SHARP. 
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I think we ought to pass a hearty vote of thanks to the scrutineers 
for their work. They have been nearly an hour and a half in counting 
the votes on more than a thousand papers. It has been a very 
laborious task, and I am sure we are very thankful to them for the 


trouble they have taken in the matter. 
The resolution was carried by acclamation. 
The meeting adjourned at 9.35 p.m. 


Vor. 4b. 60 
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A Special General. Meeting of Members, Associate 
Members, and Associates duly convened, and 
held at the Royal Society of Arts, John Street, 
Adelphi, W.C., on Thursday evening, May 26, 
I910—Mr. W. DuppzLL, F.R.S., Vice-President, 

` in the chair. 


The SECRETARY read the Notice convening the meeting. 


The CHAIRMAN : I will now call upon Mr. Hammond to explain the 
object of the resolution. i 

Mr. HAMMOND : When the Council saw that they could purchase 
the lease of the Institution building for £50,000 and that not more than 
£20,000 would be required to do all that was wanted you were asked 
to sanction that expenditure, first of £50,000 and then of £20,000. 
When later the accounts were made up, it was decided to treat the 
mortgage expenses, the loss on the sale of securities, and the outlays 
during structural alterations, such as ground rent, rates, etc., as part of 
the capital expenses of the building. These items were accordingly 
brought into the Building Fund as a debit and so caused the expendi- 
ture to be more than the £70,000. It may also be necessary at some 
future time for the purpose of letting to arrange as suites of offices that 
part of the building not required by the Institution. То cover such 
expenditure, and the outlaysto which I have just referred, the members 
are asked to sanction in one resolution a sum beyond what is deemed 
will actually be necessary, but which will obviate for ever, it is hoped, 
the inconvenience that might arise of having these special meetings. 

The CHAIRMAN : I will now formally move :— 


* That, in addition to the sum of £20,000 authorised by Special 
Resolution of the 29th of July, 1909, to be expended, a further 
expenditure of a sum not exceeding £10,000 in connection 
with the Institution Building on (a) structural alterations, 
furniture and fittings, and (6) outlays during present or 
future structural alterations, including ground rent, rates, 
and taxes, less rents received or to be received from tenants 
in the Building, be sanctioned and approved, and that the 
Council be authorised to make such financial arrangements 
(including the borrowing of money on the security of the 
Institution Building and on the Institution property in 
Tothill Street) as the Council may consider necessary for 
the above purpose." 


e x 
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Mr. К..К. Gray’ I have very much: pleasure in seconding the 
resolution. As Mr. Hammond has explained to you, the reason for the 
resolution is the following : We found -ourselves about £1,170 short ; 
and as there is a probability that our tenants for the part of the building 
which we do not require will move to their new quarters at the expiry 
of their agreement with us, two years hence, it was felt prudent, as 
there would be certain structural alterations to make if we wished to 
have fresh tenants to replace those that left us; first of all to make the 
full body of members acquainted with that fact so that there would be 
no misunderstanding, and, secondly, to ask them to authorise us to find 
the money that would be necessary to pay for the structural alterations ; 
also to pay the charges and ground rent, as nothing can be earned 
during the year while the necessary structural alterations are in 
. progress, We thought that by having this extra vote of £10,000 it 
would amply cover every expense that the Institution will have to 
make. We did not care about asking for £5,000, which might have 
been quite sufficient; we thought we had better make it £10,000 
because, as Mr. Hammond has very properly said, estimates are 
estimates, and it does not do to be always calling Special Meetings of 
an Institution like this. We thought we had better do it at once, and 
I think if you gentlemen will accept this resolution you will be doing 
the best possible thing for the Institution. 

The CHAIRMAN: The resolution is now open to discussion and I 
invite any remarks on it. 

Mr. W. B. Esson: I should like to ask a question, if I may. Mr. 
Hammond told us nearly two years ago that £6,000 over and above 
the £50,000 for purchase of the building would be required to carry 
out the alterations that were contemplated. It was stated then that 
the estimated cost of the enlargement of the theatre, six months' rent 
of the old premises, removal, painting, new furniture, and new 
bookshelves, was £6,000. Accordingly our total liabilities in respect 
of capital were to be only £56,000. From £6,000 to £20,000 and 
finally to £30,000 is a very great jump, and I would like Mr. 
Hammond to give us some explanation of the extraordinary increase. 

Mr. HAMMOND: Mr. Esson is correct in saying that when we 
acquired this building we did it upon the basis that we were going 
to spend £56,000, and that there would be no difficulty whatever in 
keeping our estimates within that £56,000. But when we found our- 
selves in possession of that building we felt as a Council that it would 
be wise to deal with it on a much broader basis. We felt, for instance, 
with regard to the theatre, that instead of making the very small 
alterations that we first deemed wise it would be better to make such 
drastic alterations, almost a rebuilding of the theatre, as to put us in 
the position of having a hall 30 per cent. bigger than the present hall of 
the Institution of Civil Engineers. We acknowledge that when we 
went into the undertaking originally we did so with the feeling that 
what was good enough for the colleges of physicians and surgeons 
would probably be good enough for us, and we put in £6,000 as 
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being certainly required for furniture and certain obvious structural 
alterations. But the Council on considering the matter came to the 
conclusion that the members would very much prefer that a first-class 
job were made of it, and that we should deal with it upon that basis. 
The members were accordingly called together, the facts were placed 
before them, and they sanctioned an expenditure of £70,000, up to 
which expenditure, therefore, we are fully justified. 

Mr. EssoN : I did not say you are not justified. I asked for explana- 
tion. 

Mr. HAMMOND: The Council still see their way to do all that was 
contemplated for about £70,000, but, as I have explained, when to the 
actual expenditure on the building is added the loss on the sale of 
securities, mortgage, expenses, etc., they being treated as capital sums, 
we get beyond the total of £70,000. 

The CHAIRMAN : Are there any more questions ? 

Mr. W. К. Cooper: May I ask if this £10,000 will be available 
for the present alterations now being made, or whether it will be 
earmarked for future alterations? 

Mr. HAMMOND : The £10,000 is an amount, a portion of which will 

be used to wipe off the £1,000 or £2,000, or whatever the excess over 
the £70,000 may be, but the whole of the £10,000 will not be raised 
immediately ; we have no idea of:doing that. But in the course of 
four or five years if we have to alter the letable portion of the building 
materially, as Mr. Gray said, we should use the balance of the money 
for that purpose. We have no intention of spending the whole of the 
£10,000 upon the building at the present time. 

The CHAIRMAN: Are there any further questions or remarks to be 
made on this resolution? If there are no other remarks I will put 
the resolution to the meeting. 

The resolution was then put, and declared by the Chairman to be 
carried unanimously. 
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SHELFORD BIDWELL, F.R.S., died on December 18, 1909, at 
the age of 62. He was born at Thetford, and was educated at Caius 
College, Cambridge. Called to the bar in 1875 at the age of 28, he 
eventually abandoned law for scientific research, for which his natural 
talents better fitted him. He was the author of numerous papers before 
this Institution, the Royal Society, and the Physical Society, and 
lectured on electrical subjects at the Royal Institution and other 
centres. In 1881 he was elected an Associate Member, and three 
years later was transferred to full Membership. He carried out 
numerous valuable researches in magnetism and physiological optics, 
but his greatest scientific work was the discovery, in 1881, of the change 
caused by light in the electrical resistance of selenium, on which were 
founded several methods of electrically transmitting pictures to a dis- 
tance. He was elected a Fellow of the Royal Society in 1886, and was 
President of the Physical Society in 1897 and 1898. He was an Asso- 
ciate Member of Council of the Institution for the year 1883-4. 


ALFRED ARTHUR CAHEN, B.Sc., who died on September 17, 
1909, at the age of 30, was educated at the Central Technical College, 
South Kensington, and afterwards spent several years under the Marconi 
Wireless Telegraph Company in various parts of the Continent. He 
left the Marconi Company to take up an important position at Erith 
with Callender’s Cable and Construction Company, but contracted a 
serious and painful illness, which proved fatal within a year. He 
became an Associate of the Institution in 1901, and an Associate Member 


in 1904. 


Малов PHILIP CARDEW, R.E., died on May 17, 1910, from the 
after-effects of an operation. Born in 1851, he was educated at the 
Royal Military Academy, Woolwich, where at the age of 20 he took 
honours and was awarded the Pollock Gold Medal. In 1876 he was 
placed in charge of the Bermuda military telegraphs, and later held 
various posts in the Submarine Mining Service. In 1888 he was ap- 
pointed electrical adviser to the Board of Trade, which position he 
resigned in 1899 to take up consulting work in partnership with Sir 
William Preece, K.C.B., and his sons. Both in this practice and under 
the Board of Trade he was the pioneer of considerable useful work, 
including the electrical equipment of the Admiralty Dockyards, and 
the formulating of regulations for power supply, and for safeguarding 
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underground pipes against electrolysis. Не was a director of the 
Brighton Railway during the progress of their electrification work on 
the South London Line, and was also the author of many useful inven- 
tions and papers, one of which on * Electric Railways" was read before 
the Society of Arts in March, 1991. He was a Member of Council of 
the Institution from 1886 to 1891 and from 1899 to 1905, and a Vice- 
President from 1902 to 1903. 


ALFRED COLSON was born at Newport (Mon.) and educated at 
King's College, London, being afterwards articled to his father, who 
was then one of the chief engineers to the London and South-Western 
Railway. In 1872 he went to Birmingham as assistant engineer to Mr. 
Charles Hunt, and was given sole charge of a local gas undertaking. 
In 1882 he was appointed gas engineer to the Leicester Corporation, 
which position he held up to the time of his death. When the Leicester 
Corporation in 1892 took up electric lighting he had charge of this 
undertaking in addition to his other duties, and showed great ability in 
managing the two lighting departments. He invented a cash-box for 
prepayment meters, and a simple and effective method of removing 
naphthalene from coal gas. He was elected a Member of the Institution 


in 1900. His death occurred on May 27, 1910, after an illness lasting 
several months. 


JOHN WILLIAM FLETCHER was born on April 24, 1834. In 
the early fifties he joined the service of the Electric and International 
Telegraph Company, and, prior to the transfer of the telegraphs to the 
State, he was in charge of the Chester and Holyhead section. When 
the transfer took place, he was one of those who elected to enter the 
service of the Railway Company, and then continued in charge of the 
the North Wales district until the year 1876. At that time he was 
appointed Telegraph Superintendent of the Northern Section of the 
London and North-Western Railway Company ; and some two years 
later he was appointed chief telegraph superintendent and engineer of 
that Company, which position he held until his retirement in June, 1903. 
In 1872 he joined the Society of Telegraph Engineers and, until his 
death, he was a member of this Institution. He was one of the earliest 
contributors to the fournal, having in the year 1873 written an Original 
Communication on * Lightning Protectors" (vol. ii. p. 296). He was 
also a member of the Conference of Railway Telegraph Superin- 
tendents and Engineers from its inception until his retirement, and was 
President of the Conference in 1892. He was the inventor and 
patentee of numerous and varied appliances for the economical and 
safe working of railways; and the efficient state of the electric 
telegraph system of the London and North-Western Railway Company 
is sufficient evidence of his skill and ability as telegraph engineer. He 
died on July 11, 1910. 


JULES HENRI FREDAY GRAMACCINI died at Paris on January 
I2, 1910, aged 77 years. He was born in Algeria, and in 1857 entered 
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the service of the French Government Telegraphs at Marseilles, being 
later connected with the Submarine. Telegraph Company, of London, 
in the working of the Channel cables. In 1870 he received an appoint- 
ment at Marseilles under the Eastern Telegraph Company, afterwards 
becoming chief of the Government Central Bureau at Marseilles. He 
took part in duplicating the Franco-Algerian cables, and in maintaining 
communication during the siege of Paris in 1870. In 1897 he retired 
from the French Government service and became Paris agent to the 
Government for the West African and Direct Spanish. Telegraph Com- 
panies, which he represented at the International Telegraph Conference 
in London іп 1903. He received the Cross of Chevalier of the Legion 
of Honour for services rendered to the French Government. : His 
connection with the Institution as Foreign Member dates from 1875. 


OSWALD HAES died on October 25, 1909, at the age of 44. He 
went to Australia in 189o as the representative of the Brush Electrical 
Engineering Company. In 1896 he became responsible for the installa- 
tion of electric lighting on the steamship Airlie, and in 1899 negotiated 
the purchase of the existing undertakings by the Melbourne Electric 
Supply Company and the Melbourne City Council. He was the author 
of a paper before the Electrical Association of New South Wales on 
“Economy in Electric Supply Stations." Не also installed the new 
lighting system at Sydney. He was founder of the New South Wales 
Electrical Association, of which he was President for some time. He 
was elected an Associate of the Institution in 1886, and was transferred 
to full membership in 189o. 


MUSGRAVE HEAPHY died on January 29, 191o, at the age of 67, 
after several years of failing health. At the age of 18 he fought under 
Garibaldi in the campaign of 1860-61, and received two medals. On 
his return to England he went into practice as a civil engineer, but 
a few years later he was appointed technical officer of the Phoenix Fire 
Office, and on the introduction of electric lighting he prepared a 
careful report on the subject, followed soon after by the first edition 
of the well-known Phoenix Fire Office Rules, which were the first code 
of wiring rules for the prevention of fire risks in electric lighting. Mr. 
Heaphy was elected a Member in 1886. 


LOUIS DU BUISSON HUGO was born in 1882 and educated at 
the Cape of Good Hope University and at Cambridge, where he took 
a high place in both parts of the Natural Sciences Tripos. In 1906 he 
was articled to Messrs. Clayton and Shuttleworth, of Lincoln, and was 
also demonstrator at the Cambridge Engineering Laboratory. In 1907 
he was appointed head of the Department of Physics and Electrical 
Engineering at the Victoria Institute, Bombay. In this year also he 
was elected an Associate Member of the ЕЕ He died on 
February 24, 1910. "TL че скы: 
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FRANCIS HASTINGS MEDHURST was born in Russia in 1871, 
and educated at Highgate School He was originally trained for the 
Civil Service, but was afterwards articled to Messrs. Parsons, of New- 
castle-on-Tyne, and later became a consulting engineer. In late 
years he took great interest in political matters, and was Unionist 
candidate for West Islington in 1900 and 1906, and for the Borough 
of Stafford in the General Election of 1910. He joined the Institution 
in 1892, and was transferred to full membership in 1894. He died on 
October 26, 1909. 


HERBERT JOHN MILLS was born in 1878 and educated 
at Plymouth and Penge, and at the Croydon Polytechnic. He 
assisted in carrying out the electric lighting of Earl's Court Exhibition 
in 1897, and subsequently was with various firms, and in practice on 
his own account as lighting engineer. In 1908 he was appointed to 
the position of chief engineer for the lighting of the Franco-British 
Exhibition, which he carried out successfully, and in the following year 
was elected an Associate Member of the Institution. He died on 
March 1, тото. 


JAMES NICOLSON died at Berlin on October 27, 1909. He was 
for twenty-six years superintendent of the two cable companies at 
Buenos Aires, which were absorbed a few years ago by the Western 
Telegraphic Company, when Mr. Nicolson was retained as superin- 
tendent. He retired in 1908. He was the compiler of a well-known 
system of telegraph code signals. He had been connected with the 
Institution, first as Associate and then as Associate Member, for a 
period of thirty years. 


JOHN OLDHAM died on May 19, того, after a very short illness. 
He had been in the telegraph service for fifty-seven years. Com- 
mencing at the age of 17, he worked for eleven years in England, and 
in 1864 went out to La Plata to superintend the laying of the cable 
between Buenos Aires and Montevideo. The cable was opened for 
service in 1866, and Mr. Oldham remained as manager to the Cable 
Company. On the absorption of the company by the Western Tele- 
graph Company in 1903, Mr. Oldham was appointed general manager 
of the branch, and his project of laying a cable between Argentina and 
Great Britain vid Ascension Island was commenced. His death unfor- 
tunately occurred a week before the date fixed for the opening of the 
cable. He had been a Member of the Institution since 1881. Mr. 
Oldham was Local Honorary Secretary and Treasurer of the Institution 
for Uruguay from 1886 to 1902. 


LIONEL EUGENE RADCLIFFE was born in 1876, and educated 
at the Finsbury Technical College. On leaving, he was engaged in 
electrical work with several well-known firms, and in 1900 worked 
under the Mersey Dock and Harbour Board. In 1904 he went out to 
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Egypt as assistant engineer to the Alexandria апа Ramleh Railway 
Company and the Société Anonyme des Tramways d'Alexandrie. He 
was elected an Associate Member of the Institution in 1907. He died 
on January 19, 1910. 


CHARLES J. ROBERTSON was born in 1860, and educated at 
the Merchant Taylors' School, where he gained a scholarship at St. 
John's College, Oxford. He afterwards studied chemistry under 
Professor Armstrong, and electrical engineering under Professors 
Ayrton and Perry at Finsbury Technical College. His connection 
with the lamp-making industry commenced in 1881, when he joined 
the Anglo-American Brush Company, and was associated with Mr. 
St. John Lane-Fox, one of the pioneers of the lamp industry. After 
working with various lamp companies in London and on the Continent 
and devoting considerable time to research work, he formed the 
Robertson Incandescent Lamp Company at Brook Green, and was 
manager and technical director until the time of his death, which 
took place on October II, 1909. 


ARTHUR DENLEY SMITH was born in 1869, and educated at 
Giggleswick School, and was afterwards articled to Messrs. Smith & Co. 
and Messrs. Hugill Bros., both of Keighley. In 1891 he joined the 
Keighley Engineering Company, becoming in 1893 outside repre- 
sentative and director, and in 1894 managing director. Mr. Smith 
was elected an Associate Member in 1903, and his death occurred on 
February 2, 1910. 


PERCIVAL STOREY died on April 1, 1910, after a very long 
illness. He was educated at Oundle School, and from 1880 to 1891 
was with the Orchard Engineering Works, Oundle, becoming assistant 
manager. In 1891 he worked under the late Marquis of Salisbury, 
and in 1898 joined the London office of the Torquay electricity under- 
taking, from which he was appointed borough engineer of Torquay 
shortly afterwards. He was 45 years old at the time of his death, and 
was elected an Associate Member of the Institution in 1904. 


SIR CHARLES TODD, K.C.M.G., F.R.S., was born at Islington 
in 1826, and on completing his education was appointed assistant at 
Cambridge Observatory. In 1848 he was made Assistant Astronomer 
at Greenwich Observatory, and in 1854 returned to Cambridge. In 
1855 he was appointed to be Superintendent of Telegraphs and 
Government Astronomer for South Australia. In this capacity he 
completed in 1858 the connection of Melbourne and Adelaide by 
telegraph, and afterwards the Transcontinental line between Europe 
and America. He held the post in South Australia for fifty years, and 
for thirty-five years was also Postmaster-General of that colony. He 
joined .the Institution in 1874. In 1893 he was created K.C.M.G. 
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He died on February 1, 1910. Sir Charles Todd was Local Honorary 
Secretary and Treasurer of the Institution for South Australia from 
I881 to 1906. 


A. A. WHITLOCK was for eleven years resident engineer at the 
County of London Station at Wandsworth, and before that was 
resident engineer of the Dover Electric Supply undertaking. He 
died on December 26, 1909. His early training was with the Brush 
Electrical Engineering Company, and he was elected an Associate 
Member of the Institution in 1893, being transferred to membership in 
1900. 
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[London, S.W. 

Wilcox, W. Н. & Co., Ltd. ...London, S.E. 
-Qil Separators— 
. Baker Oil Separators Co., The......... Leeds 
- ‘Porcelain— 

J. Macintyre & Co., Ltd. ........................ 
Power Plants, Gas— 

Masons Gas Power Co., Ltd....Manchcester 
-Power Transmission Accessories— 


George Saxon, Ltd. ............... Manchester 
Pumps— 

Baker Oil Separator Ca., The ......... Leeds 

Pulsometer Eng. Co., Ltd. ......... Reading 

Henry Berry & Co., Ltd. ............... Leeds 

Sulzer Bros. ..................... London, W.C. 


-Raw-Hide Gears— 
Angus, George & Co., Ltd. 
i [Newcastle-on-Tyne 


"Reducing Valves— 

Bailey, W. H. & Co., Ltd. ....... Salford 
Steam Boiler Makers— 

Galloways, Ltd...................... Manchester 
Steam Engine Makers— 

Galloways. Ltd...................... Manchesler 

George Saxon, Ltd. ......... eee. Manchester 

Sulzer Bros. ..................... London, W.C. 
Steam Separators— 

Heap & Iohnson ............... London, E.C. 


| JAMES KEITH ®& 
BLACKMAN Co. Ltd. 


27, Farringdon Avenue, 


London, E.C. 


IO 


p. 


Steam Turbines— ` PAGE 
Sulzer Bros. ..................... London,W.C. 4 

Stoneware Conduits— 

Storage Batteries— 


Hart Accumulator Co., Ltd....Stratford, E. 


Submarine Cables— 
Henley's, W. T., Telegraph Works Co.,Ltd. 
London 


Switches— Ad 
Evered & Co.,Ltd. ............ London, W C. 
Ferranti, Ltd.............. Hollinwood, Lancs. 


Telephone Cables— 
British Insulated and Helsby Cables, Ltd. 
[Prescot 
Henley’s, W. T., Telegraph Lom Co.,Ltd. 


ondon, E.C. 
Telegraph Poles (Кой) 


Bruce, Alex. & Со. ..................-. Glasgow 
Wade, R., Sons & Co., Ltd. ............ Hull 
Trolley Wire— 
Smith, Frederick & Co., Wire Manu- 
facturers, Ltd.......... Salford, Manchester 
Tubes — 


The Oriental Tube Co.,Ltd. West Bromwich 
alsall 


John Russell & Co., Ltd. ............ Wi 
Valves— 

Bailey, W. Н. & Co., Ltd. ............ Salford 

Jenkins Bros., Ltd. ............ London, E.C. 
Varnish Insulators— - 

Major & Co., Ltd. ..................... енн Hull 


Ventilating Fan Makers or Ventilating 


Engineers— | 
Electric & Ordnance Accessories Co., Ltd. 
[Birmingham 
James Keith & Blackman Company, Ltd. 
London, E.C. 


lupucEn DRAUGHT. 
VrnrILATION, Ete. 


| And at Manchester, Leeds, Birmingham, Glasgow, and Belfast. 


IO 


II 


BRITISH INSULATED & - 
HELSBY CABLES, LTD. 


Works :— 


PRESCOT, HELSBY, & LIVERPOOL. 


Paper, 
Rubber, 
Gutta Percha, 
Insulated and 
Lead Covered 
Cables, 
Flexible 


Cords, 
Cotton 

. Covered Wire, 
&c., &t. 


CONTRACTORS for the COMPLETE EQUIPMENT of 
TRAMWAY, POWER TRANSMISSION, LIGHTING, 
TELEGRAPH & TELEPHONE SYSTEMS. 


Manufacturers of an 


Junction and Joint Boxes, Feeder, Distribution and Section Pillars, 
Transformer Kiosks, Overhead Tramway Material, Bonds, Over- 
head Telegraph and Telephone Material, Telephone Exchange 
Equipments, Subscribers’ Instruments, Telegraph Instruments, Batteries, 
Switchboards, Insulators, Meters, Fire Alarm and Police Equipments, 
Railway Signals and Blocks, Mining Exploders and Shot-firing Cable, 
Patent Annealing Furnaces, Paper Pinions, Electric Welders, Extruded 
Lead Sections, Lead Alloy for Ammunition, &c., &c. 


HIGH CONDUCTIVITY COPPER. 


Rolled or Drawn to any Wire Gauge, Section or Specification. 
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Kd EES ё Сп 
Garrison Side, 2x77 
Tel Add Wave. Ногі. 


Nat. Tel. 1095. 
(poa three eee 


HIGH-CLASS STEAM ENGINES. 
` MILLGEARING. 


REPAIRS & ALTERATIONS A SPECIALTY. & 


GEORGE SAXON, Ltd., Manchester. Ё 


EVERED & CO,,"7 
SMETHWICK, BIRMINGHAM. 
LOW TENSION SWITCHGEAR FOR 
POWER LIGHTING AND TRACTION. 


—— We invite you Mii a gom 
LISTS ON APPLICATION TO “AX DEPT. 


MANY OF THE MOST IMPORTANT © 
ELECTRIC POWER STATIONS 


Ñ 
THE q0 E ee К T 


TNN A 


Dept. J. THE m a ‘SEPARATOR G0., 


SLET, LEEDS. LTD. 
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W. H. WILLCOX & bé: Ltd., Engineers’ Stores, 23-36, Southwark St., PA 


PURE BRIMSTON E 


SULPHURIC ACID 


SPECIALLY PREPARED FOR ACCUMULATORS. 


AND SUPPLIED TO EVERY BATTERY MANUFACTURER IN THE COUNTRY. 
ALL SPECIFIC GRAVITIES. 


Quotations given for xad iod d on in the Kingdom or for Export 
f.o r c.i.f. to ali ports. 


H. N. MORRIS & 00. LTD., MANCHESTER, S.E. 


| LITHOLITE, LTD. 


55, Hackney Grove, London, N.E. 


MOULDED INSULATORS 
Of Every Description, including 


HANDLES, BUSHES, WASHERS, &c. 
BRUSH GEAR INSULATION A SPEOIALITY. 


WRITE FOR CATALOGUE. 
' Telegrams: “ FERRULES, LONDON.” Telephone: DALSTON 592, 


Е. WOOLNOUGH, 


Electrical Engineer, 
NORWICH. 


Established 1893. Nat. Telephone No. 456. 


Manufacturer of Continuous 
Current Dynamos and Motors 
for all purposes. 


LE CARBONE. 


Specialists in the Manufacture of 


Dynamo & Motor Brushes, Carbon Switch-Breaks, 


Primary Cells, & Telephone Carbons. 
47, WATER LANE, GREAT TOWER ST., E.C. 


CREO S O TED 


WOODEN POLES 


FOR POWER AND LIGHT CABLES 
DELIVERED ANYWHERE.—— 


Send your Enquiries to 
ALES. BRUCE & СО. 
53, BOTHWELL STREET, GLASGOW, 


Who have Stocks and Creosoting Works at places suitable for 
any point of delivery. 


We are Manufacturers of 


“LIVERPOOL CABLES.” 


VULCANIZED RUBBER 
CABLES to any Specifi- 
cation. 
AERIAL CABLES. 


HARD-CORD BRAIDED |Z 
CABLES for Mining work \ 


and rough usage. 
FIRE RESISTING 
CABLES, etc. 


Our Cables are manu- 
factured to the Cable 
Makers’ Association 


A specifications, and in 
Л accordance with the 
1 recommendations of 
7/ the Engineering Stan- 
p^ 


dards Committee. 
SEND US YOUR INQUIRIES. 


THE LIVERPOOL ELECTRIC CABLE C0., LTD., LIVERPOOL, N. 


GAS FOR 
HEAT f POWER 


Send for Catalogue to 


Masons Gas Power Co., Ltd. 


LEVENSHULME, MANCHESTER. 


EARAN & PETROL ENGINES. 
CHARLES PRICE & SON 


BROADHEATH, NR. MANCHESTER. 


2 to 70 B.H.P, 


16 Standard Sizes. 


xvi 


PROMETHEUS 


BOLTS, NUTS, 


STUDS, &c. 
UP | 
to a standard, not E 
DOWN pr 
I pe ug  — c 
ELECTRIC HEATING 
— THE — 


ТҮЛҮШ 


British Prometheus Co. 


LTD. 


ELECTRIC HEATING AND 
COOKING ENGINEERS, 


Salop $t, Works, BIRMINGHAM 


LONDON SHOWROOMS : 
9, NEWMAN STREET, 
OXFORD STREET, W. 


I PATENT SERRATED STEEL SEAMLESS OIL 
CAN AND PATENT SEAMLESS SPOUT, 


With New Patent Thumb Button and Slide Feed Hole. Made also in Copper 


or Brass for Electrical Machinery. 


Contractors to H.M. 

Navy, War Depart- 

ment, Home Office, 

Indian States Rail- 
way, etc. 


NONE ARE GENUINE UNLESS THEY BEAR 
THE K LABEL. 


JOSEPH KAYE & SONS LTD., 222. LEEDS; =°“ $% 


CARBON BRUSHES. 


The Glass Brush for Cieaning Commutators. 


THE STRATTON STEAM SEPARATOR, 


99% Dry Steam Guaranteed. 


| HEAP а IOHNSON, 


28, Hatton Garden, Е.С. 
Telephone: 6602 Central. Telegraphic Address: '" UNISONALLY, LONDON." 


Holbo 
ABON O рот 


xvii 


The 
India Rubber, Gutta Percha 
and Telegraph Works Co., Ltd. 


ELECTRICAL ENGINEERS. 


MANUFACTURERS OF 


SILVERTOWN 


DYNAMOS MOTORS 
CABLES | WIRES 
INSTRUMENTS INSULATORS 
BATTERIES CARBONS 


Head Offices: Works: 


106, Cannon Street, Silvertown, 
London, E.C. London, E. 


BRANCHES: 


Home: 


Belfast: 75, Ann Street. Glasgow:: 2, Royal Exchange Square. 
Birmingham: 15, Martineau Street. Liverpool: 54, Castle Street. 

Bradford : 1, Tanfield Bdgs., Hustlergate. | Manchester: 16, John Dalton Street. 
Bristol: 22, Victoria Street. Newcastle-on-Tyne: 59, Westgate Rd. 
Cardiff: Pierhead Chambers, Bute Docks. | Portsmeuth: 49, High Street. 

Dublin: 15, St. Andrew Street. Sheffield: 28, Angel Street. 


Abroad: 


Adelaide: 56, Brookman's Buildings | Durban: Mercantile Buildings, Smith 
Grenfell Street. Street. 


: Johannesburg: New Club Buildings, 
Brisbane: Edward Street. g Loveday Street. 


Melbourne : 274, Flinders Street. 
Perth (W. А.): 107, овер з Buildings, 
William Street. 


Buenos Ayres: Calle Florida, 469. 
Bulawayo: Agency Chambers. 
Calcutta: 1-1, Fairlie Place. 
Christchurch (N. Z.) : 234, Cashel Street. | Sydney: 279, George Street. 
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* STEARN " 

English Dade Lamps 
METALLIC and CARBON Filament Lamps 
for ALL VOLTAGES. 


For Prices and Full Particulars apply to: 


THE STEARN ELECTRIC LAMP CO., LTD., 
47, Victoria Street, Westminster, S.W. 


The 


| —— FOR —— 
MIGMEST 
INSULATING 


ALL DESCRIPTIONS 
Apply to— 


BURSLEM 
, STAFFS. 


AUTOMATIC ELECTRIC 


‚ AND ALL OTHER TYPES OF 


LIFTS 


We never stand still. We make the best to-day, but 
shall make а better to-morrow. 


SMITH, MAJOR, & STEVENS 


BATTERSEA, LONDON, S.W. 


Telephone: Battersea I56 and I64. 


Digitized by Google 
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